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...want more iron or steel? 





HERE’S WHAT YOU CAN DO TO HELP 
RELIEVE THE SCRAP SHORTAGE 


m Put some one individual in charge of scrap in all departments of 
your business and GIVE HIM AUTHORITY TO ACT. 


2. Comb the plant and yards for dormant scrap, abandoned equip- 
ment, old boilers, pipe, moulds, obsolete dies and parts, material now 
wasting away which has salvage value. 

Survey all plant equipment, particularly idle stand-by or discarded 
machines, with a view to scrapping all not convertible to useful pro- 
duction. 


Consult your scrap dealer for advice on types, grades and sizes. 


3. Segregate each class of scrap and supervise its handling to avoid 
contamination. This will increase its value. Identify, classify and pro- 
vide separate containers, clearly marked, for each class of scrap mate- 
rial. 

Dismantle discarded equipment promptly into its components—elec- 
trical, fastenings, lumber, etc.—so that these parts may be utilized or 
scrapped. 


Sort sweepings and miscellaneous waste to recover scrap values. 


4. Constant reminders in the form of posters, illustrations of right 
and wrong methods, pay envelope enclosures, house organ publicity, 
etc., are potent aids to the scrap recovery program. 


MORE SCRAP — MORE 











EMBLEM OF 

















YA 


TRADE MARK 








THE INTERNATIONAL NICKEL COMPANY, INC. 


STEEL 


seavice < Move your scrap to the mills— 
Sell it...ship it...move it now! 
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... that’s the 
Mallory Magnesium 


Copper Sulfide Rectifier 


Mallory Magnesium Copper Sulfide Rectifiers often give 
trouble-free service for five years and more when operated at 
a normal temperature of 265° F. But, provided as they are 
with an extra safety factor, they still perform without failure 


when temperatures are raised three times as high. 


Occasionally, when tremendous abnormal voltage surges are 
applied (when, for example, lightning strikes a power line), the 
rectifier temporarily breaks down. But even then it usually reforms 
after only an instant of inaction. Why? Because the rectifying 
junctions are so made that they actually heal themselves. 


Add this fact to the features at the right and you understand why 
Mallory Magnesium Copper Sulfide Rectifiers are unbelievably 
rugged—why they outsell all other dry dise types, for low voltage, 
medium and high current applications. See your Mallory distribu- 
tor for more information—or write direct for engineering help. 


















Check These Features: 


\ 
\ 
\ 
\ 
\ 
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Proved long life 
Unaffected by high temperatures 


Withstands abuse and accidental short 
circuits 


Self-healing rectifying junctions 
Constant output over many years 
Resists harmful atmospheric conditions 
Rugged, all-metal construction 


No bulbs, no brushes, no sparking 


contacts 


Millions in use 
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or MCSR’s ARE THE 
WORLD’S TOUGHES 
RECTIFIERS 


PR. MALLORY & CO. Inc MAGNESIUM-COPPER 
MA L L RY SULFIDE RECTIFIER STACKS 
O AND POWER SUPPLIES 

RECTOPLATER* SUPPLIES—RECTOTRUCK CHARGERS — 


RECTOSTARTER* AIRCRAFT POWER SUPPLIES— 
RECTOPOWER* SUPPLIES —- AUTOMOTIVE BATTERY CHARGERS 


*Reg. U.S. Pat. Off. 












P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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No Substitute for Sound Thinking 


CRUSADERS and torch bearers usually find 
their paths strewn with difhculties. It requires 
a lot of courage to take a stand in opposition to 
the majority. To refuse to accept illogical 
fashions, fads, standards, concepts or false 
ideals often invites scorn, especially when 
the false concepts have become ‘‘generally 
accepted practice.”” It is so much easier to “ride 
the band wagon.” Furthermore, a logical analysis 
based on cold facts usually involves hard work. 
If the results are distasteful one may be sorely 
tempted to ignore the intelligent conclusions 
and be ruled by emotional thinking. It is easier 
to do. But no matter how many people do that 
which is unsound or wrong, the error and its 
consequences remain the same. 

There was a time when the automobile in- 
dustry went to extremes in the application of 
chrome plated ornamentation. Every criticism 
of this fad was met with the reply, ‘All the 
automobile companies are doing it.” The im- 
plication was that all of them couldn’t be wrong, 
hence there must be a genuine public demand 
for the frills. It required the courage of an in- 
dustrial designer plus an accident to convince 
the auto manufacturers that they were wrong in 
foisting the unwanted decorations on the buy- 
ing public. The manufacturer who was first to 
“get off the band wagon,” found himself in an 
advantageous sales position. 

Many similar instances in which style or con- 


venience features were dictated by the tastes ot 
the majority of manufacturers can be cited. The 
same conditions also apply to design calcula 
tions Generally accepted 
empirical formulas are too often applied noi 
because they fit the problem but because “every 
body” is using them. Belt pulley diameters are 
“supposed to be”’ at least 15 times the belt thick- 
ness but 8 times the belt thickness is plenty if 
the belt is to be subjected to severe surface 
abrasion. 


and constructions. 


Many design proportions based on 
low carbon steel are blindly adhered to even it 
the material is alloy steel, because ‘‘that is the 
practice.’ In such instances a complete analysis 
of the problem will show that the proper pro 
portions to use are not the empirical ones. 

It is not easy to pioneer, to ‘be different,’’ to 
desert the ranks of the majority opinion, to be a 
non-conformist. Lindbergh was sneered at and 
derided when he publicized the cold hard facts 
of Germany's air might. The engineer who 
proposes the unconventional usually gets a cold 
reception, if not derision. In spite of all this. 
the man who intelligently holds fast to con- 
victions based on facts and intelligent logic 
usually achieves a position that commands re- 
spect, admiration and prestige. 
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Wanted: a one-man crew to harvest grain in 
labor-short areas. Cockshutt Plow Co., Ltd., Brant- 
ford, Ont., built such a harvesting combine. But 
trouble-free operation had to be assured on such vital 
turning parts as the shaft between transmission and 
differential. Needed: a flexible coupling to absorb 
shock and vibration, increase shaft life, yet withstand 
erit, chaff and moisture. Impossible?... 


Want to reap a harvest in your business 7 


2. 


Cockshutt Plow’s unusual coupling need was 
quickly filled by Morse Morflex Couplings. Shock- 
proof, quiet, compact—they take all the kicks the com- 
bine gives, and compensate for misalignment. Other 
Morse Couplings—Silent and Roller Chain, ‘Junior’ 
and Double Morflex, Radial and Marine Morflex— 
are made to thresh out particular problems in your 
business. Just... 





























Look how Morse couplings have been applied to 
such diversified uses as machine tools, material 
handling lifts, oil wells, power shovels and conveyors. 


investigate Morse Couplings, right now. Perhaps . 


/ 





MORSE CHAIN COMPANY e 


In your plant or on your consumer product, Morse 
couplings speed production, eliminate bearing wear, 
protect equipment and workers. For that extra attrac- 
tive addition that makes your consumer products sell, 





DETROIT 8, MICHIGAN 


DRC Roller 
Chain Coupling 








lAorflex 
| Couplin= 


Radial 


DSC Silent Coupling 


Chain Coupling 





4. 


Youll get plenty of bright ideas for coupling 
uses from a set of Morse coupling catalogs. Address: 
Dept. 205, Morse Chain Co., 7601 Central Ave.. 
Detroit & Mich. Or, for on-the-spot engineering 
advice and aid. write or wire—trained and experi 
enced Morse Sales Engineers will call on you. Ask 
to see and hear more about the entire line of Mors¢ 


Mechanical Power Transmission products, 
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MARTIN BROWNSHIELD 


Industrial Designer, ELM Laboratories 


BASIC DESIGN FUNDAMENTALS and 
tunctional details of consumer prod- 
cts are often forgotten by the designer 
when striving for new developments 
t glamorous sales appeal. 

There is no formula for the suc- 
essful design of a product, but in 
the levelopment stage it should be 
hecked for these essentials: Utility, 
safety, styling design, application of 
naterials, manufacturing methods, fin- 
ch, durability, and maintenance. 


Utility 
Even when built for a low price, a 
product can be designed to operate 
with a high degree of efficiency, but 
Wefulness is often sacrificed in favor 
of an attractive sales feature. 
The recent vintage of non-automatic 
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HOUSEHOLD APPLIANCES that have gained consumer acceptance because common sense functional design details are included. 


toasters is an example. Many models 
scorch the outer edges of the bread 
while the centers remain soggy. ‘This 
results from incorrectly wound heating 
elements and poor ventilation. ‘The 
spacing of the resistance clement 
winding concentrates the heat at the 
top of the toaster, where the bread 1s 
tilted close to the element. With im 
proper ventilation, the heat is reflected 
from the ceiling of the toaster back to 
the bread. And poorly fitted doors 
further distort the circulation of the 
heated air. 

Household and bathroom scales are 
of small value when they fail to indi- 
cate weight accurately. A household 
scale, with a range of 24 lb, failing 


to register within 2 lb of the true 


weight, cannot even be used for ap- 
proximation, since the error 1s not 
uniform over the entire range. In 
addition to errors in weight indication, 
bathroom scales for personal weigh- 
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Neglected Factors in the Design 


of Consumer Products 


ing, lose accuracy of as much as 8 lb 
when the weight is shifted on the plat- 
form. The major cause of inaccuracy 
in bathroom scales is poor bearings 
that cause levers and links to drag and 
bind. An accurate weighbeam scale 
can lose its utility value if the dial is 
imprinted with incorrect markings 
Usually an average person is awak 
ened by an alarm clock within 60 to 
90 sec. The most positive alarm ts 
one with a continuous signal and a 
manual shut-off. Many clocks have an 
average warning signal of only 45 sec, 


and some only 15 to 20 sec. This short 


alarm period is insufficient to rouse 


a sound sleepe ‘e 
Safety 
Laboratory standards are usually 
established to determine the safety 
of — specific Fulfill 
ment of these requirements does not 
imply approval of the 


equipment 


Ov" rall 


5] 








utility and design. An automatic flat- 
iron with design defects such as open 
seams that catch laundry threads, or 
a thermal control that is difficuit to 
read, may receive approval for safe use. 

Not only the basic construction but 
the misuse of an item can lead to 
a fatality. Radios with “‘hot’’ chassis, 
which are connected one side of the 
line during operation, conduct current 
to all metal parts in contact with them. 

When a single pole switch is used 
to open the circuit to turn off the 
burner of a hot plate stove, one side 
of the line remains connected. Even 
when not in use, this equipment must 
be entirely disconnected from the 
supply line to avoid accidents. Equip- 
ment with open elements or other 
exposed current conducting compo- 
nents are devices where shock hazard 
is most prevalent. Simultaneous con- 
tact with the exposed element and any 
other appliance connected to the same 
supply line may complete the circuit 
and cause shock. An element cover, 
or the use of a double pole switch 
avoids this condition. 

The use of water, an electrical con- 
ductor, in the operation of vaporizers 
and bottle warmers increases the shock 
hazard. These appliances are rarely 
equipped with switches. The water is 
heated by current-carrying electrodes 
dipping into the liquid. Testing by feel 
to determine if the water is heating, 
brings the user directly into the live 
circuit. A vaporizer designed for safety 
would cause the electrodes to be lifted 


from the water reservoir when the 
cover is removed. 
Insulation breakdowns occurring 


during operation of appliances should 
be considered in the design stage. Jam 
nuts and lock washers should be used 
on terminal connections, and long PIs: 
tail connections, avoided. Shifting 
wires can arc and burn, and exceed the 
protective rating of the insulation ma- 
terial. Moving conductors can also 
contact metal housings and become 
invisible hazards. 

Many items for every day use are 
equipped with a handle. Even the 
simplest product requires a handle that 
provides safe utility. Tests show that 
a frequent error is the installation of 
a handle that is free to rotate on its 
mounting when it should be fixed. 

While stepstools have been blamed 
for many accidents in the home, a num- 
ber of good units are worthy of com- 
ment. Some are sturdily built and de- 
signed to conceal the lower step that 
forms the ladder. In the poorer grade 
stools, these steps slide freely or swing 
out of the stool and may cause in- 
juries. Although most stepstools will 
carry a three hundred pound load, the 
forgotten factor is the shifting weight. 
Moving from step to step upsets the 
balance and creates a stress at points 
that do not have the correct reinforce- 
ment. 

Table top appliances, such as waffle 
irons, coffee makers, and broilers that 
depend on heat for operation, often 
scorch the support surface. They are 
built with heating elements too close 
to the table top without baffle and do 
not have support legs of non-heat 
conducting material. 
hot metal shell of the appliance rests 
directly upon the support surface. 


Frequently the 


Typing for Utility and Safety 


A product should be typed, with 
utility and safety features established 
as the prime fundamentals. The func. 
tioning and operating conditions of 
a proposed item should be classified 
before the designer starts to develop 
the product. Major classifications are 


MECHANICAL 
or 


1. ELECTRICAL 
(a) Utility 
mittant use. 
(b) Ornamental. 
(c) Novelty Gadget. 


OR 


continuous inter- 


~ 


2. OPERATING CONDITIONS 

(a) Commercial use or home use 
(b) Fixed or portable. 

(c) Indoor or outdoor. 


Classifying a product with this 
guide enables the designer to set up 
definite requirements, so that impor- 
tant factors will not be forgotten in 
the development work and produc 
tion, with attention given to physical 
appearance and sales appeal. 

In stationary equipment intended 
for permanent installation, temporary 
removal and replacement of connec- 
tions are often rot considered. When 
some models of washing machines have 
to be moved, it is impossible to dis 
connect the water hoses without de 
stroying them, and reinstallation re 
quires new parts that are frequentl) 
components of special design. The 
base and legs of fixed equipment, de- 
signed to sturdily support the units 
are provided with such features 
kick plates or “'set backs” to avoid 
scuffing. However, the bottom of some 
support legs and bases are too narrow 








Comfortable handle angled for'slide’ 
Control-cool with finger tip adjustment 


Cool shell insulated 
FLATIRONS 





Heavy handle angled for‘lift" 
Thermal control in heat mass center 
Shorp point cuts cloth 

Open seams catch threads 

Hot shell 














baffle gives good tone 
Large knobs 
Dial easy to read 


RADIOS 








Knobs too small 


GOOD POOR 
Cloth covered wooden Plastics louvres give 
poor tone 





GOOD 
Even weight distribution 
in full length base 


STOVES into flooring 
Glass top 
Y/ is specidl 
size 
GOOD POOR 


Large handles and 
base 


COFFEE URNS 











Sharp corner legs cut 







Handles too small 
Poor balance 
Base dia too small 
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\ with cover with cover 
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s cut GOOD POOR GOOD POOR 
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ind sharp, and the concentration of 
oad at these points causes heavy fix- 


ures, such as gas ranges or refrigera 


ors, to Cut into linoleum and flooring. 


Water settling into the depressions 
causes corrosion of metals, and de- 
erioration of surrounding material. 
The practicability of portable units 
soften nullified by failing to consider 
weight. While table top appliances 
re mobile, they should not be clas- 
sified with true portable luggage-type 
jevices. Large portable radios are 
weighted with batteries and heavy 
ases, SO that carrying them is an et- 
iort. Other portable devices require 
omplicated operating accessories that 
letract from the main feature of port- 
ability. 

Equipment for outdoor use should 
e provided with adequate protection 
igainst weather conditions. Fibrous 
materials, such as cases with wooden 
‘rames and synthetic leather cover- 
ngs, absorb moisture, which results in 
warping and disintegration. When 
vent holes or other openings are neces- 
ary, they should have covers, or be 
located to prevent entrance of water. 


Styling Design 


In redesigning modern products, 
foo much emphasis is placed upon 
streamlining,’ which usually means 
nerely a new housing or shell for old 
iechanisms. When a patented proc- 
Bs is abandoned or maa for 


‘fo improved method, the value of the 


atent is lost to the owner, usually 
he manufacturer. The reluctance to 
Kecept this loss, even for an improved 


product, limits the design of the equip- 
ment. Similarily manufacturers hesi- 
tate to scrap tools and prefer to re- 
work dies and fixiures rather than de- 
velop entirely new items. 

Misuse of ornamental trim is an 
outstanding example of overdressing. 
While chromium plated or extruded 
plastic strips are practical covers for 
joints and seams, their use for orna 
mental purposes can result in Corrosion 
of underlying surfaces, dust catching 
and other unsanitary conditions. Fixed 
ornamental trim should not be used 
on equipment where there is a pos- 
sibility of food or liquid seeping into 
inaccessible areas. 

Holes and perforations punched into 
the shell to improve the appearance 
of a product often distort the flow of 
air in equipment that depends upon 
ventilation for tts operation. The holes 
at the top of a toaster form a chimney 
and dissipate heat without utility. A 
space heater with holes in the wrong 
locations has a distorted heat flow 
path. 

Signal lights and jeweled lamps are 
frequently installed on appliances for 
decoration rather than utility. Some 
pilot lights serve definite purposes, 
but signals that glow intermittently, 
and are not dependable guides in the 
Operation of a device, certainly are 
more of a nuisance than a service. 
Signal lights on automatic electric flat- 
irons are misleading. They light with 
the closing of the thermostat. When 
the thermal control is changed to low 
heat, for use on rayon, the lamp will 
not light. While the user may believe 
the iron is cool because there is no 


signal, the sole plate will retain suff- 
cient heat to scorch the material. This 
feature is obviously for sales attraction 
only and would no doubt have been 
omitted if the stylist had been thor- 
oughly familiar with the operation of 
the thermostat and the thermal con 
ductivity of the sole plate. 
Multipurpose units sac rifice either 
utility or capacity. In the combination 
of table stove, griddle and toaster, the 
capacity is so limited that it falls short 
of practical requirements and is not 
efficient for all of its purposes. 


Application of Materials 


In the redesign of a product, some 
previous information is available on 
the use of materials. For a new prod- 
uct, thorough research is necessary for 
the selection of the proper materials 
to fit the requirements of the product. 

Alarm clocks are unavoidably upset 
and dropped during normal use. 
Alarm clocks, housed in weak plastic 
shells or fitted with breakable glass 
windows, are easily destroyed. 

Plastic materials are not recom- 
mended for good quality tone repro- 
ductions, but plastics have been uni- 
versally accepted for radio cabinets. 
Sound distortion and fragility of the 
case are partially offset by producing 
low priced radios. Tone qualities of 
radios in plastic cabinets can be im- 
proved by providing a wooden baffle. 

Heat is a factor often forgotten in 
the selection of materials. Rubber 
grommets are used to insulate wire 
passing through metal walls of appli- 
ances. When metal surfaces such as 









Perfect ventilation 
No draft doors 
Heot insulating 
rests 










No ventilation 





Drafty door 
Hot base rests 
4 on table top 
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the base of a waffle iron conduct heat, 
the rubber grommets age rapidly and 
no longer protect the wire from the 
sharp edges of holes in the metal 
plates. 

Some gears of silent mechanisms 
are punched from canvas base pheno- 
lics instead of paper or linen stock. 
The large threads of the coarse fabric 
will not permit the cutting of a fine 
pitch gear. In gears of coarser pitch 
there is the possibility of exposing 
the threads of cloth, which distort 
the mesh of the gears. In many of the 
mechanism fibre gears are lubricated. 
Oils causes the gears to swell, and 
interrupts free running of the move- 
ment. This condition is most serious 
when gears are made of coarse fabric 
base materials that absorb the lubri- 
cants. Lubrication of metallic gears 
is good practice, but fibre gears should 
be run i 

In heating pads, the cloth is the 
most important element. Heating pads 
should be waterproof or supplied with 
a separate waterproof cover. In some 
pads chemicals are used in the water- 
proof processing of the material, which 
emanate an extremely unpleasant odor. 
This unpleasantness is especially mag- 
nified in a sick room and should not 
be ignored. 


Methods of Manufacture 


Many defects result from selection 
of unsatisfactory manufacturing meth- 
ods. When lock washers or jam nuts 
are not used, parts will loosen and en- 
tire assemblies may fall apart. When 
an assembly contains a breakable com- 
ponent, a safeguard should be installed 
to prevent complete collapse, should 
the weak part be destroyed. Inexpen- 
sive single burner hot plates are no- 
torious for these weak assemblies. 
When a single assembly bolt is used 
without correct reinforcement, and the 
ceramic element: cracks, the entire hot 
plate falls apart. 

Finish 

While finish is an important detail 
for sales appeal, it should be in ac- 
cord with the quality of construction 
and provide practical protection of the 
product. Appliances subjected to hard 
usage should be finished with coat- 
ings that will not chip or wear off. 
In addition to wear, heat and mois- 
ture effects on the finish should not 
be overlooked. Appliances using heat 
for operation, may have a glamorous 
appearance when sprayed with paint 
but this type of finish is not durable. 
A few special high heat enamels that 
withstand temperatures above 450 F 
are too expensive to use for mod- 
erately priced appliances. The com- 
mon sprayed finish discolors and fre- 
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quently blisters and smokes with the 
first burn-off. 

The average scale ts) an 
example of a poorly finished product. 
The humid atmosphere of the bath- 
room penetrates into the mechanism, 
and the squat base of the scale often 
rests on a damp floor. Attractive fin 
ish of the scale housing and platform 
may be misleading. ‘he base plate 
is usually sprayed lightly; with the 
mechanical parts left in the raw and 
unprotected against corrosion. 

Wrinkled or rough texturex finishes 
collect dust in the valleys and discolor. 
This type of finish is being replaced 
by mottled or two-tone processes with 
smooth, hard surfaces. The use of 
chromium plating has been broadened. 
However, because of the cost of bufhng 
under surfaces are not polished and 
the inside of toaster doors upon which 
the bread actually rests are rarely fin- 
ished with the same high lustre of 
the outer surfaces, which 
to clean. 


bathroom 


are easier 


Durability 


The durability of a product depends 
upon the combination of materials se- 
lected and type of construction, in 
addition to the design and method 
of use. The life of a unit can be 
lengthened if design provisions are 
made for maintainance. When an ap- 
pliance is easy to clean, the possibility 
of breakdown is lessened. In food 
preparing equipment, spatters and 
drippings from overflow should not 
enter inaccessible areas. Unbroken 
surfaces are ideal for easy cleaning or 
polishing. Closely spaced radiating 
fins and deep narrow slots, important 
in some designs for utility, should be 
avoided wherever possible, as they are 
difficult to clean. The most difficult 
appliance to clean is a toaster, espe- 
cially one without a crumb tray. If 
a toaster were designed for complete 
consumer acceptance, and the sanitary 
requirements seriously considered, ac- 
cess to the interior would be provided 
by a removable shell, easily snapped 
from the base, and safely locked in 
place when the toaster is in use. 

It is often difhcult to keep equip- 
ment clean when provisions for lubri- 
cation are either omitted or misplaced. 
When there are no provisions for 
lubrication, surplus oils flow from the 
bearings or drain along the outer sur- 
faces; and the grease gums. If not 
removed at once, grime will form and 
permanently stain the finish. The cor- 
rect use of oil cups, wicks and washers 
facilitate lubrication in addition to 
protecting the appliances. Devices 
should be marked when they have oil- 
less bearings to prevent unnecessary 
and extraneous oiling. Where a liquid 
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lubricant would affect the food in de. 
vices such as food mills and choppers, 
free running mechanisms can be made 
with oiless bearings that do not te. 
quire lubrication. 


Maintenance 


Repairs and replacements for prod 
ucts in every day use are usually not 
accomplished easily. It is impossible 
to replace some worn or defective 
parts as they are included in large 
permanent assemblies. Other compo. 
nents have special threads or other ir- 
regularities that prevent substitution 
even for temporary use. A simple re 
pair job can be transformed to an ex 
tensive operation by the installation 
of parts, or even a single nut or screw, 
in an inaccessible location. In some 
washing machine mountings, clearance 
is not provided for turning a wrench 
to tighten nuts. While there are es- 
tablished standards for wrench head 
clearances, this fact is often ignored. 

Even though there are no codes for 
interchangeability of mechanical de. 
vices, common units for everyday use 
should be standardized. This ts not 
entirely possible because of variations 
in design. But screws and fastenings 
definitely should be of standard thread 
sizes. Standards for electrical acces. 
sories are followed closely since uni- 
formity is partially compulsory by law 

Adjusting screws are usually inaces 
sible. Often a complete dismantling 
of the housing is required to rea 
them. Adjustments that are infre 
quently changed should be locked. Bi 
this provision is made only in hig 
priced units, although only an ine 
pensive jam nut or set screw Is 
quired. The inaccuracy of many ad 
justment controls impair their pra 
ticability. 

Shoulder and 
special threads are difficult to replace 
They are often placed where frequen 
normal use destroys the thread. Wing 
nut and thumb screw fastenings shoul 
be made captive to prevent their loss 
Drive screws, especially when held 1 
plastics, will pull out and shear th 
material along the screw hole. Met: 
inserts should be used to hold thes 
screws. Plastic flatiron handles, wit! 
out metal inserts, loosen and pu 
away from the shell. 

Rivets and eyelets are intended fi 
permament assemblies. Often part 
placements are impossible, because ¢ 
this fixed construction. The crown 0! 
an eyelet may be upset to an excessiv’ 
depth and thus pull out when late 
used by the consumer. Where parts at 
fastened with metal tabs inserted int 
slots and then twisted; the forgotte! 
factor is that these metal strips canno 
be repeatedly bent for repair operations 
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APPLICATION of Cone-Drive gearing in the headstock of a heavy duty roll lathe made by United Engineering and Foundry Co. 


Double Enveloping 
Right Angle Gear Drives 


F. E. BIRTCH 
Manager, Cone-Drive Div., Michigan Tool Co. 
Because of its high load carrying 


capacity, Cone-Drive gearing — has 
many applications where space and 
weight are important considerations. 
Recent installations indicate that Cone- 
Drive gearing takes 2 of the space and 


has a weight of 4 that of conventional 


gearing for connecting shafts at right 
angles. Factors that give this type of 
caring these advantages are: 


1. Large number of teeth in con 
wt, giving high shock load capacity. 

2. Area contact, resulting in low 
nit pressures and a high load carry 
ing capacity. 

3. Efficient lubrication. Oil ts 
forced in by the entering tooth and 
ot squeezed out as in rolling contact 

i. Both pinion and gear regener- 
\UGUST, 
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ate true form in each other. This tends 
to increase load carrying capacity as 
the sets wear in. 

5. Any backlash specification can 
be had. 

Basically, Cone-Drive gearing is a 
double-enveloping gear and pinion 
with full mating capacity without 
modifications or limitations. Referring 
to Fig. 1, its relationship to other 
forms of right angle drive gearing is: 

1. Right angle helical or spiral 
gears. Neither element is throated and 


theoretical contact is a point that 
widens out into a small area under 
load. Both members have an involute 
tooth form. 


) 


2. Worm gearing. Usually has one 
clement throated. Theoretical contact 
is a line extending slightly above and 
below the mid-plane. Length depends 
on the design. Under load this line 
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becomes a small “zone’’ of contact. 
One element usually has an involute 
tooth form. Other is straight-sided. 

3. Cone-Drive gearing. Both ele 
ments are throated. Each element en- 
velopes the other. All teeth are 
straight-sided with flanks tangent to a 
common circle in any axial plane 
Lines of contact rather than points of 
contacts are produced. Theoretical 
contact 1s an area rather than a point 
or line. This area appears on all teeth 
in engagement and results in multiple 
tooth contact. 


Basic Design 
The design of a modern Conc 
Drive gear set differs from conven- 
tional practice. These differences are: 
1. The pressure angle is 20 deg. in 


the normal section 


) 


2. The circular pitch of the gear 
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RIGHT ANGLE HELICAL. This type of gearing has theoretical point 
contact in either plane 
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CONVENTIONAL WORM GEAR. This single enveloping type 
has theoretical line contact, with point contact in section. Under load 
there is some area contact 








CONE-DRIVE. 








In addition to line contact along the gear tooth, 
this type also provides full depth contact, 
resulting in large area contact and more teeth in contact 











Fig. 1 


set is the result of establishing correct 
physical dimensions. The gear set ts 
proportioned to obtain the correct 
working stresses in both members. 

3. Tooth thickness in both the gear 
and the pinion is controlled by the 
manufacturing operation and is inde- 
pendent of the hob or cutter design. 
It can be varied as desired. Tooth 
thickness is varied to secure correct 
stresses in the gear and pinion, which 
are of different materials. 


SO 


Tooth contact obtained in various types of modern right angle gearing designs. 


i. The pinion is made of deep 


hardening alloy steel that is heat 
treated to 35-38 Rockwell ‘C’’ scale 


before the threads are generated. Some 
manufacturing imaccuracies occur in 
the housings, bearings, assembly and 
drive. Each member of the gear set 
wears down the resulting high spots 
on the other member during the first 
hours of operation. Then the alloy 
steel pinion work hardens, and thus 
increases both in hardness and in ac- 
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curacy. In operation, the final product 
is superior to a drive that does not 
“wear in.” 


Type of Contact 


In Fig. 2 is shown a series of lines 
each representing the path of travel 
of one of a series of points on the tip 
of a pinion in contact with a gear 
This view is taken looking down on 
the tooth from the tip along a line 
tangent to the base circle. The points 
are equally spaced along the pinion 
thread. Direction of rotation of the 
pinion is from right to left. The 
composite line formed at the bottom 
indicates the form of gear tooth re 
quired to secure contact between the 
pinion and gear in this plane. This 
of course, is also the form that wil! 
be generated in a gear blank by a hol 
having similarly positioned cutting 
edges. Each point on the pinion con 
tacts some portion of the gear toot! 
in addition to the mid-plane throug} 
which all points on the pinion pass 
In its passage across the gear tooth 
some point on the pinion also touches 
each point on the gear tooth face. 

The contact illustrated in Fig. 2 is 
for a 9 to 1 ratio. Center distance 
is 6 in. The set has a 14 in. face width 
and a high helix angle. Increasing the 
helix angle of a Cone-Drive pinion 
results in an increase in the variation 
in helix angle. As the vartation in 
helix angle increases, the zones of 
contact across the tooth face are larger 
in number and smaller in area. Low 
helix angles mean large zones of con- 
tact. 

Since all points on the pinion thread 
pass through the mid-plane of the 
gear, a cutting edge at this point thus 
generates the correct form on the pin 
ion for its entire length. This condi 
tion exists for the full depth of the 
tooth. Actually the entire pinion can 
be generated both in length and dept! 
by a single point tool in the mid-plan¢ 
of the gear with its cutting edge lying 
tangent to the base diameter. Pinion 
generating cutters are a series of suc 
single point tools with the  sam¢ 
spacing as the teeth in the gear t 
secure the maximum number of cut 
ting edges for high production. | 

Mathematical analyses show that 1! 
addition to full depth contact, tw 
consecutive points 1 in. apart along 
the pinion thread are within less that 
0.0003 in. of simultaneous 
This is less than the amount of deflec 
tion found in a gear tooth of this siz 
when operating under load. In Fig 
3 are shown the zones of gear toot! 
contact of the same Cone-Drive usé¢ 
for Fig. 2. The portion of the pinio! 
thread that contacts each porte 1 
the gear tooth is indicated. The pit 


contact 
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ion thread passes from right to left. 
Minus 6 is the entering end of the 
pinion thread. Minus 5, 4, etc., are 
consecutive points along the thread, 
with zero representing the center of 
the thread. The leaving half of the 
thread is numbered from 0 to 6, start- 
ing at the center. The entering end 
of the pinion thread passes over the 
entering or right side of the gear 
tooth and does not contact it until the 
thread reaches the mid-plane. The 
contact then moves over to the enter- 
ing or right side of the gear and then 
moves progressively to the center of 
the gear at zero, which is the center 
of the pinion. As both halves of the 
pinion are alike, the contact pattern 
repeats itself with the leaving end, 
number 6, again contacting the leav- 
ing or left side of the gear. Thus, the 
contact is full depth and rolls back 
and forth across the gear tooth face. 

As pointed out before, all portions 
of the pinion thread contact the mid- 
plane. One further interesting point 
is that the pinion thread, when enter- 
ing the gear passes over the entering 
side of the gear tooth and does not 
engage it until the mid-plane, thus 
carrying in a supply of oil for lubrica- 
tion. End relief on the pinion thread 
improves this lubricating condition. 

The gear ratio selected does not 
affect either the total tooth contact 
area or the combined tooth strengh 
of pinion and gear. Contact area and 
tooth strength have the same values 
for any given center distance, regard- 
less of ratio used. This unusual con- 
dition results from the inherent de- 
sign of Cone-Drive gears. For any 
given center distance, the smaller the 
number of teeth, the larger is each 
individual tooth. Individual tooth 
thickness and individual tooth con- 
tact area vary in inverse proportion to 
the number of teeth. Total contact 
area and total combined tooth thick- 
ness remain the same. The arc of con- 
tact of the gear and pinion is always 
approximately 45 deg, since the arc of 
engagement is approximately equal to 
or slightly less than the base circle 
to which all teeth are tangent. The 
number of teeth in this arc is } of 
the total teeth in the gear. This num- 
ber may be from 3 to almost infinity. 
If there are 48 teeth in the gear, 6 
will be in engagement. If the number 
of t eth is reduced to 24, there will 
he in engagement, but each tooth 
will be twice as large. 


Design Procedure 


\ layout for a typical Cone-Drive 


gear set is shown in Fig. 4. This layout 
is the result of calculating several 
val in a correct sequence. First the 


emer distance and number of teeth 
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Fig. 2—Gear tooth surface analysis of a typical Cone-Drive unit with a 9 to 1 ratio. 
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Fig. 3—Contact pattern of same unit analyzed in Fig. 2. 


Note the shifting contact. 
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Fig. 4—Typical layout for determining the 


are calculated. Then proportions for 
the worm and pinion are determined. 
The layout is a final step in designing 
the set. The procedure is as follows: 


CENTER DiIsTANCE. The simplest 
method of selecting center distance is 
to refer to tables of torque and horse- 
power capacity ratings of standard 
Cone-Drive gears, available from the 
manufacturer. Usually one of the 
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critical diameters of Cone-Drive gearing. 


standard center distances selected from 
these tables will fit the design require 
ment and give a sufficient load capac 
ity reserve. 

Where a non-standard center dis- 
tance must be had, the correct value 
can be determined by cut and try cal- 
culations. With the gear ratio gr, pin- 
ion speed S, in rpm and horsepower 
required, H.P. known, the following 
equation can be used to determine the 
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Fig. S5—Curve for determining K, the 
pressure constant. Note divided curve. 
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Fig. 6—Curve for determining N, the 
ratio correction factor. Used in Eq. (1) 














Fig. Curve for determining L, the me- 
chanical rating factor. Used in Fig. 8. 





% 40 44 48 52 56 60 64 68 22 16 






Nigh range 


<how range 











Fig. 8—Curve for determining f, the 
velocity factor. Note divided curve. 
SS 


horsepower capacity for the center 
distance selected: 
a 

H. P. KKX NX] a 
where K 1s a pressure constant, Na 
ratio factor and f, a velocity factor 
that is obtained from the product of 
the constant L and the pinion speeds. 
Curves for determining these constants 
are given in Figs. 5 to 8. 


NuMBER OF GEAR TEETH. Table | 
gives the range of the most desirable 
number of teeth in the gear for a 
given center distance. Where the ratio 
exceeds the maximum number of teeth 
indicated for the specified center dis- 
tance, the pinion should be single 
threaded. Usually it is not advisable 
to select a combination that would 
require more than 5 threads in the 
pinion. Ratios below 5 to 1 require 
special consideration. Multiple threads 


increase the tool cost. 


PircH DIAMETERS. The following 
formulas give approximate pitch di- 
ameter d, for the pinion, and D for 
the gear. 


D=2xC.D.-—d { 
where C. D. 1s the center distance. 


Hertix ANGLE. The following form- 
ula can be used to determine the helix 
angle 

D 


lan helix angle ; 5 


a gr 


If the center distance of a given set 
is increased at assembly beyond that 
for which the drive was designed, the 
operating helix angle becomes less 
than the designed helix angle. Con- 
versely, decreasing operating centers 
increases actual operating helix angle. 

This can be illustrated by consider- 
ing the change in operation between 
the two elements when the center dis- 
tance is altered. For example con- 
sider a 6 in. pitch diameter gear, a 
2 in. minimum pitch diameter pinion, 
and a ratio of 20 to 1. The helix 
angle would be 6 divided by the prod- 
uct of 2 by 20, or 0.150, which is the 
tangent of 8 deg, 32 min. 

If the center distance on which the 
parts are mounted is 4.100 in., as 
with a 0.100 in. spread center dis- 
tance, the operating pitch diameter 
of each member is increased by the 
same amount. Since the pitch diame- 
ters remain the mid-point of contact 
between the teeth, the pitch radii are 
not increased by 0.050 in. Thus the 
result is 6.100 2.100 divided by 20, 
which is the tangent of 8 deg. 16 min, 
or a 16 min. smaller helix angle. It 


follows then that in generating the 
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gear teeth or pinion threads, the cor. 
rect lead and helix angle on the pin- 
ion, or helix angle and tooth form on 
the gear, are obtained only if gener- 
ated on correct operating centers. This 
influences the method used to produce 
Cone-Drives, and is also the basis for 
figuring modifications to compensate 
for deflections and to secure the de. 
sired contact under load. 


CiRCULAR PircH. The axial circular 
pitch, C.P. is given by the formula: 
xxXD 

C. P. —— Pw 
No. of teeth ; 

The normal circular pitch is given by 
the formula: 

NormarC. P. =-C. P. 


x cos. helix angle 


TootH DeptHs. The whole depth 
D', of tooth is given by the formula 


p! Normal C. P. : 


> 


Working depth is determined by mul- 
tiplying D’ by 0.9, a constant. The 
clearance equals 0.1 times D’. The 
dedendum d’, is given by the equation 
d' = 0.611 X working depth (8 
PINION Root DIAMETER. This di- 
mension /, is determined by the fol- 
lowing equations: 
1/3 (C. D.)°-8% 


2d 10 


Wherever possible the root diameter 
of the pinion should not be less than 
that given by Eq (9). However, as 
the gear ratio decreases, the pinior 
root can be increased as follows: From 
no correction for 8 to 1 ratio, the 
worm root should be increased grad 
ually to plus 15 percent for a 3 to | 
ratio. 

If the root diameter obtained in Ec 
(10) does not agree closely with the 
value obtained in Eq (9), the pitcl 
diameter of the pinion must be al 
tered to correct this condition. The 
pitch diameter of the gear is then al 
tered to agree with the new pinion 
pitch diameter by resubstitution in Eq 
(3) through (8). Another formul: 
that has to be met by the adjuste: 
values is 


(a a ome 
tan Helix angle X gr + 1 
PRESSURE ANGLE. The normal pres 
sure angle in all Cone-Drive gearing | 
20 deg. The axial pressure angle is de 
termined by the equation 
Tan axial pressure angle 
tan 20 
cos he lix angle 
BASE CIRCLE DIAMETER. The cent 


distance, pitch diameters, working an 
whole depth of tooth are laid out # 
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in Fig. 4. Then a distance is measured 
along the next gear pitch circle to the 
right or left of the vertical center line 
an amount equal to } the axial cir- 
cular pitch. Through the point thus 
established, and at an angle to the 
vertical center line equal to the axial 
pressure angle a line is extended ver- 
tically. The circle tangent to this line 
and concentric with the gear pitch 
circle is the base circle. All gear tooth 
and pinion thread flanks in the axial 
plane are tangent to this base circle. 


LENGTH OF PINION THREAD. The 
maximum length of the pinion for 
Cone-gears is important, since the bear- 
ing extends for approximately the full 
length of the pinion. The effective 
length, where relief begins, must never 
exceed the base circle diameter. To 
do so would produce interferences in 
cutting. The length may be shorter, 
but this results in a loss of possible 
contact area. 

For a given center distance, two fac- 
tors cause a variation in the effective 
length of the pinion thread: 1. The 
normal pressure angle is held to 20 
deg and thus varies with the ratio or 
helix angle in the axial section. This 
causes a variation in the base diameter 
and allowable pinion thread length. 
2. The length of the pinion thread 
for best results must provide for the 
maximum number of teeth in contact, 
plus overlap, but not exceed the effec- 
tive length allowable. This variation 
in thread length makes it desirable to 
use the average helix angle for com- 
paring the efficiency of various ratios. 


OVERLAP. It is desirable to take full 
ad\ — of the Cone-Drive design 
and place as many teeth in contact as 
possible. It is also advisable that a 
small amount of overlap be obtained. 
The Overlap is desirable to insure 
securing the full number of teeth in 
contact even if imperfections in manu- 
facture and assembly are present. 
When stepping off arcs of 4 C.P. 





Table I—Recommended Number of 
Teeth for Various Center Distances 


Center No. of Teeth 





| 
Distance | in Gear 
2.000 24 to 30 
2.500 24 to 30 
3.000 24 to 30 
4.000 | 25 to 31 
5.000 27 to 33 
6.000 28 to 35 
8.000 29 to 37 
10.000 30 to 40 
12.000 | 32 to 45 
15.000 | 40 to 55 
18.000 43 to 60 
20.000 45 to 66 
22.000 48 to 70 
Pro ; Ba 
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along the gear pitch circle for laying 
in gear teeth, it is usually most satis- 
factory to commence } C.P. away from 
the vertical center line. When thesc 
points have been established, tangents 
can be drawn through them to the base 
circle to give the tooth outlines. The 
first of such tangents must fall within 
a projection of the base diameter on 
the pinion axis. For greater ratios, 
this initial tangent may be more nearly 
vertical. 


END RELIEF. Usually the point of be- 
ginning relief may be approximated as 
being away from the center line an 
amount equal to 3 the base diameter 
less 0.01 times the center distance. 
All of the pinion thread extending 
beyond this location should be re- 
lieved. 

For helix angles up to 20 deg, this 
distance may be increased from 0.02 to 
0.03 times the center distance if a 
more satisfactory design would be ob- 
tained. This distance is altered to 
secure the correct amount of overlap, 
which should be from 30 deg to 60 
deg of the circumference of the pinion ; 
or a distance along the pinion thread 
equal to the face width of the gear. 
By shortening the pinion in this man- 
ner, it is also possible to reduce the 
overall length of the pinion threads 
and outside diameter of the pinion 
when it becomes necessary because of 
application difficulties. It should be re- 
membered that this length is used in 
manufacturing the hob, and when tool- 
ing is set up for a definite length of 
pinion thread, the pinions should not 
be altered in length of thread as it will 
materially affect the bearing between 
the pinion and the gear. 


GEAR Face. For satisfactory opera- 
tion, the gear face usually should not 
be greater than the pinion root diam- 
eter. Gear face may be reduced below 
this dimension for increased economy 
in proportion to the lightness of the 
loading. Face width can be checked 
by the following formulas: Referring 
to Fig. 9 where W’ equals load per 
tooth in pounds, S, equals the gear 
tooth stress in psi, ¢ is the normal 
thickness at root of gear tooth in 
inches, T is applied torque in in-lb, N' 
is number of gear teeth in contact, 


2X T X er X efficiency 


I} DX Nt (13 
P W¥Kx%dadx*6 
bx PY Ss, (14 


The value of S, is 8,000 psi times f. 
The efficiency value to substitute in Eq 
(13) can be determined from Fig 10. 


STRESS ANALYSIS. 
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After the design is 
check for horse- 
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Fig. 9—Force diagram used for comput- 
ing gear face width dimension. 
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Fig. 10—Curve for determining efficiency 
of Cone-Drive gearing. Used in Eq. (13). 


power, torque rating or load on the 
pitch line of the gear may be made in 
accordance with the applicable formu- 
las. A stress analysis will only be neces- 
sary where the capacity of the unit is in 
question. The formula given under 
center distance can be considered a 
curate within 10 percent in every prob- 
lem where the principles of design as 
outlined have been followed. Cone- 
Drive units are conservatively rated so 
that slight errors found in these calcu 
lations are unimportant. 

When designing for static load con 
ditions or extremely slow speeds, the 
horsepower capacity of the unit may be 
materially increased. The 
in the gear teeth of gear sets designed 


fibre stress 


in accordance with these formulas 
is approximately 8,000 psi at zero 
rpm. The stress in the pinion root 


under similar conditions would not ex 
30,000 psi. When subjected to 
purely static load the fibre stress in gear 
teeth may be increased 75 percent 
of the yield point of material. Beyond 


ceed 


this point, further layout of Cone 
Drive gearing is not required, as the 


forms generate themselves as they are 
cut by the hobs and cutters. These cut- 
ters and hobs are required to be cor 
rect as to tooth form mainly in the 


axial plane. 
Bearing Selection 


Selection of bearing types and sizes 
for both pinion and gear shafts 
termined by the and 
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power torque 
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rating of different sizes of speed re- 
ducers. Thus, the smallest gear sets 
usually have pinion shafts supported on 
two single row angular contact ball 
bearings to take both radial load and 
thrust load. Intermediate size gear sets 
have a combination of a single and 
double row ball bearings for the same 
purpose. Two of = ai eg at one 
end of the pinion, are matched so that 
there will be no axial looseness after 
the unit is assembled. This bearing 
construction avoids loading the bear- 
ings by differential thermal expansion 
of the pinion relative to the housing. 

The next larger group of gear sets 
have a combination of double row ball 
bearings to take thrust load and ball or 
roller bearings for radial loads. This 
arrangement permits a compact assem- 
bly of the entire bearing. On the 
largest sizes, two direct-mounted taper 
roller bearings support one end of the 
shaft and take thrust and radial loads, 
while the other end is supported on 
straight roller bearings. 

Similarly, on the gear shaft, the 
smallest sizes are carried on a single 
row of taper roller bearings to take 
both radial load and side thrust. In- 
termediate sizes of 4 in. to 10 in. center 
distance have two double row ball 
bearings to take thrust and radial loads. 
Larger sizes have bronze gear shaft 
bearings to handle both thrust and 
radial loads. Tapered roller bearings 
can also be supplied for these sizes. 

Mathematical calculations of bearing 
loads can be made by use of the follow- 
ing formulas: 


PINION AND GEAR Forces. Referring 
to Fig 11 the pinion thrust F,,, gear 
thrust F, and separating force F,, are 
given by the following equations: 


ie ae ae aay 


RADIAL LOADS ON BEARINGS. 
are given by the following equations. 
The symbol V is used for vertical loads 
and the symbol H for horizontal loads. 
Pinion shaft loads on A: 


J Fn X J fw Xa 
(A + J) 2 (h + J 
F, x J 

(Ce 4 ] 


Pinion shaft loads on B: 


— FaXh , FuXd 
oF) "Ths / 
Fi Xh 
I] wares te 
7 (h+ J) 
Gear shaft loads on C: 
Y _ Fn Po 2 ! F, Pt D 
(A'+ 1. 2(A' +1. 
i oe @ P 
HW Bal 


Gear shaft loads on D: 


J F.xX Kk , F,xX D 
~The ~ testo 
Fe. X KB 
tae fe. 


Resultant, R of Vertical and Horizontal 
Components: 


R=JSi°+ 


Bearing loads are maximum and dis- 
regard direction of rotation. 


Tolerances 


Since both elements are throated, 
accurate side and end positioning 1s 
very important. Tolerances for center 
distance, gear side position and pinion 
end position are as follows: For cen- 
ter distances up to 6 in., plus or minus 


These 





ain (15) 0.001 in.; for center distances from 6 

in. to 15 in., plus or minus 0.003 in. 
Fr 2xT (16) Cone-Drives with no backlash can 
: d be specified and produced. This how- 
Fe F,, X tan axial pressure angle (17) ever requires extremely accurate manu- 
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Fig. 11—Diagram for computing loads on the gear shaft and pinion shaft bearings. 
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facturing control and increases cost of 
the drive. Recommended — backlash 
varies from 0.003 in. for a 3 in. cen 
distance to 0.025 in. for a 22 in. cent 
distance. Tolerance for backlash values 
varies from plus 0.002 in. for a 0.003 
in. backlash to plus 0.005 for a 0.025 
in backlash. 


Housing Design 


CooLinG. Cutaway views of a 3 in 
center distance Cone-Drive speed t¢ 
ducer are shown in Fig 12. A 4 in 
center distance Cone-Drive speed rx 
ducer is illustrated in Fig. 13. These 
show the double enveloping chara 

teristics of Cone-Drive gearing and the 
design details of mountings and hous 
ings. Housings are heavily ribbed both 
internally and externally, with deep 
mounting bosses blending into the ri! 

bing. Housings on these reducers are 
finned for added stiffness and also for 
providing maximum cooling area. Such 
housings give high thermal efficiency 

For continuous operation and maxi- 
mum efficiency, such housings can be 
fan-cooled. Removable shields direct 
the fan- impelled air over the finned 
lower portion of the speed reducer 
housing so that an equalized air flow is 
obtained at all points of the housing 
that requires cooling. Fins are located 
and shaped to guide the streams of ait 
for maximum cooling efficiency. For 
heavy duty work, water-cooling coils 
can also be used. 

Where the gear set must be mounted 
in a specially designed housing, the 
general design practice as applied in 
these Cone-Drive standard speed re 
ducers should be followed. 

After the general outline of the 
housing has been developed, it should 
be checked for suitable openings for 
mounting the pinion and the gear. It 
should also be checked to assure that 
an ample oil capacity is provided. Ac- 
cessible oil level gages and fillers are 
required as are oil seals and breathers 
to prevent the loss of oil or the en 
trance of foreign matter. If the unit 
will run continuously under heavy 
loads, sufficient surface area for the 
radiation of heat must be provided. 

The allowable horsepower input or 
the thermal rating, whichever is lower, 
is the mechanical rating for the spe- 
cific service. For continuous service, 
the thermal rating must be considered 
unless adequate auxiliary cooling such 
as a fan or a cooling coil is provided 
For intermittent operation as defined 
in AGMA Class 4 service, thermal 
rating may be omitted because of the 
cooling time provided. Thermal rating 
is controlled by unit size, type, pinion, 
and ratio. Tables are available from 
manufacturers for determining thermal 
ratings of standard reducer units 
1945 
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LUBRICATION. For general service at 
all pinion speeds up to 2400 rpm or 
for larger gears, up to 2000 fpm rub- 
bing speed at the pitch diameter, a 
lubricant of the following specifications 
should be used: A pure Pennsylvania 
oil having a viscosity of 150 Saybolt 
seconds at 210 F with zero pour 
point. The addition of from 5 percent 
to 7 percent of acidless animal fat im- 
proves the operating characteristics of 
this lubricant. 

Where slow speeds or heavy loads 
are encountered, especially with shock 
loads, the viscosity may be increased to 
200 Saybolt seconds at 210 Fahrenheit. 

Up to 2000 or 2400 rpm, a splash 
system may be used to lubricate Cone- 
Drive gearing. For speeds in excess of 
2400 rpm or in large gears having 
rubbing speeds exceeding 2000 fpm at 
the pitch diameter of the pinion, the 
units should be force-feed lubricated. 

With force-feed lubrication at these 

higher speeds, a pure Pennsylvania oil 
having a viscosity of 90 Saybolt sec- 
onds at 210 F may be used. Usually, 
extreme pressure lubricants are not 
recommended. The EP lubricants were 
originated to prevent welding of two 
steel surfaces where some sliding oc- 
curs. However, they tend to reduce 
efficiency where bronze and steel are 
employed in sliding contact. Where 
heavy overloads occur, however, the 
milder extreme pressure lubricants, 
Which do not attack bronze have been 
used with good results. 
_ These oils are specified as suitable 
for average summer temperatures, and 
may be used at temperatures as low as 
0 I, provided these low temperatures 
arc encountered intermittently. Where 
Winter temperatures reach minus 20 
F, it is recommended that the viscosity 
of the lubricant be reduced approxi- 
mately 50 Saybolt seconds. Viscosity 
of the oil may be reduced, or the lubri- 
can may be changed to an oil of suit- 
abl. viscosity and pour point. The 
entering end of the pinion thread con- 
tacts Only the leaving half of the gear 
and ideal oiling results. Pinion pumps 
oil through gear teeth. 
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Sections through a 3 in. center distance speed reducer. 


Oit SEALS. The ty pc of oil seal speci- 
fied depends on the relative location of 
the shafts. Usually bellows type sca!s 
are used with heavy duty gearing for 
shafts running in oil. Neoprene seals 
are used for shafts lubricated by splash 
feed. All oil seals on light duty gear 
ing may be neoprene or leather. 


Typical Applications 


Cone-Drive gear sets are now used in 
drives varying from 1 to 10 ratio to 
180 to 1 and even greater ratio reduc- 
tions per set. Speeds vary from 30,000 
to 1/15 rpm and have gears from 1 in. 
to 8 ft. dia. They are applied in air- 
craft landing gears, machine tools, 
mine crushing machinery, conveyors, 
stokers, winches, steel mills, cranes and 
charging machines. 

Ability of this type of gearing to 
freely reverse is frequently used to ad- 
vantage in such applications as winches 
for raising and lowering lifeboats and 
launches. A Cone-Drive gear set used 
in one such winch has a 7.006 in. cen- 
ter distance, a 102 to 1 ratio and a left- 
hand helix angle. With conventional 
gearing, a 12 in. C.D. would have 
been required to obtain the same load- 
carrying capacity. Total weight of the 
winch, including its housing, is 4775 
lb. In the complete gear train, there 
is an overall gear ratio of 177 to 1. 
The entire train, excluding the motor, 
will reverse with a load of 500 Ib on 
an 8 in. arm, allowing the cable to 
play out smoothly from the drums. 

Cone-Drives are used in machinery 
where a high speed reduction is re- 
quired, as in the universal drives for 
screw feed coal stokers. Here, the re- 
duction required in stoker drives be- 
tween the motor shaft and the stoker 
feed is from approximately 1750 rpm 
to 2.2 rpm. The Cone-Drive unit used 
in the smallest of the stoker drives is 
a single gear set speed reducer that at- 
taches to the stoker feed mechanism 
by a standard mounting. This gear set 
has a ratio of 200 to 1 which, together 
with a 4 to 1 V-belt drive, steps the 
motor speed of 1750 rpm to 2.2 rpm 
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Fig. 13—Sections through a 4 in. center distance speed reducer. 


for gear shaft and stoker feed screw. 

A typical space saving installation is 
that of a single Cone-Drive gear on a 
crankshaft driving two Cone-Drive 
pinions on vertical shafts. Each shatt 
drives two camshafts. 

Cone-Drive gear sets can be pro- 
duced with zero backlash. Many such 
sets were supplied during World 
War II for elevating and training 
mechanisms on all types of guns such 
as coastal ordnance and Bofors anti- 
aircraft batteries. Today zero backlash 
Cone-Drives are used in modern ma- 
chine tools such as Shefheld Corpo- 
ration’s gear chamfering machines and 
Gisholt Machine Company's 50-ton, 
180 hp, turn mill. 

Cone-Drives are used by United En- 
gineering and Foundry Company in 
screw-downs for rolling mills. Ability 
of Cone-Drive gearing to transmit 
power smoothly is shown by the vari- 
ous milling machine applications that 
are specifically designed for use with 
carbide milling cutters. Formerly, one 
or more flywheels were mounted on 
the spindle to obtain smooth operation. 
Many carbide-tooled milling machines 
using Cone-Drive gearing without fly 
wheels, have been recently made avail- 
able. 

A hot metal trolley, designed to 
handle loads up to 275 tons, has power 
transmitted through two 18 to 1 Cone- 
Drives of 21.837 in. C.D. Cone-Drive 
speed reducers having a ratio of 234 to 
1 with a 6 in. C.D. are being used to 
drive the wheels of 15 ton revolving 
cranes at the Lakeside Bridge and Steel 
Company. These drives also hold the 
cranes steady against wind-drift. 

Many installations take advantage 
of the weight reduction possible with 
Cone-Drives. In the Douglas DC-6 
airplane the oil pump for the cabin 
super-charger must deliver from 54 to 
7 gpm of oil above 100 psi pressure. 
The load transmitted is over 1 hp. 
using a 3 to 1 reduction to the.pump 
with an input pinion speed of around 
9000 rpm. This Cone-Drive gear set 
has a 11/32 in. center distance and 
carries a torque load of about 30 in-lb. 
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The Greyhound Highway Traveler 


This inter-city bus, designed by the Greyhound Cor- 
poration in collaboration with Raymond Loewy Asso- 
ciates, has a unique constructional plan that provides 
three separate passenger compartments with accom- 
modations for seating 50 passengers. Only increase 
in size of this bus over standard models is the height, 
which was increased 14 in. In this 12 percent larger 
enveloped space, 
Wide 


increase in engine hp, 50 percent increase in air con- 


following features are included: 


seats with large center Spacing, 50 percent 


ditioning plant capacity, 100 percent increase in elec- 
trical power plant capacity, two-way radio communi- 
cation and 2 standard broadcast radios for passengers, 
air and rubber spring suspension for improved ride, 
power hydraulic brakes and steering booster, rest 
room facilities, drinking fountain, snack bar and 
refrigerator facilities plus wide aisle spaces, stairways 
and a vestibule. Body structure is a semi-monocoque 
design in which sides of bus ultimately receive all 


loads and carry them to suspension points. 
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Section A-A 








AIR CONDITIONING CYCLE is controlled by an elec- 
tro-pneumatic system. The sensing element translates 
temperature into vapor pressure. Any change in vapor 
pressure disrupting the system equilibrium causes a_ pilot 
air circuit to bleed compressed air through a pneumatic 
relay into or out of the air motor of a step controller, 


its camshaft. 
double throw, 


positioning 
pole, 


Adjustable cams actuate 6 single 
Micro-Switches that control the 
sequence and select blower speed and damper position for 
correct air distribution to and from the plenum chamber. 
Heater is gasoline fired. Six-ton compressor and condenser 
fans are driven by accessory drive transmission. 
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| LOOR LAYOUT shows the location of the chassis units. 
lo reduce servicing time, many of the mechanical parts 
re placed near the outer walls above the impact line 


Where they are accessible. The engines, for example, are 
suspended in rubber from hangers so that either may be 
‘cinounted and replaced with service engines in a short 
Propucr ENGINEERING — Aucusr, 1948 





time. Safety seating of all passengers on the upper level 
is assured by their location above the impact level. Pas 
sengers in the lower compartment are protected from side- 
swiping by a luggage section on one side and an aisle on 
the other. Weight saving has resulted from using the 
body frame member as air conditioning ducts. 
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P __._ # Body structure 
_--Cylinder head ; 
cian dial Side View of Spring Suspension 
Section Through Air Spring 
REAR SUSPENSION consists of a set of rubber torsion 
springs acting in parallel with a set of air springs. 22 | 
Approximately } the weight of the bus is carried by the 20}—Bus Model GX!- 50 = : a 
rubber springs. The remainder of the weight and that 18 oe _ 
of the passengers and baggage is carried by the air $s 
springs. The 4 cylindrical rubber torsion springs are a 
mounted on x-frame superstructures extending up from = Combined spring 
the axles. Cylinder and piston type air springs have & 
spherical rubber mountings at top and bottom to pro- ae 
tect them from transverse loading. An inertia valve in e § 
each air spring causes damping on rebound. Four level it 6 
contro! valves, one above each wheel housing and YW , 
attached to the body structure, have their valve actu- 
. " . Z 
ating arms connected to the axle superstructures with x 
an adjustable linkage. These valves control the flow of , 


air to and from the air springs and thus maintain cor- 
rect road clearance regardless of the passenger load. 
Body suspension points are located close to the center 
of gravity of the combined sprung weights, resulting in 
a minimum roll movement. Axles are positioned with 
two adjustable radius rods. All movable pin connections 
are provided with rubber torsion bushings that require 
no lubrication. A set of double acting shock absorbers 
damp the spring system vertically and laterally. 
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DEFLECTION CURVE for rear spring on one side with the 


bus loaded. Rubber torsion springs are relatively short 


length and large in diameter to promote low spring 


Compression ratio of air spring is low for small axle m 


ments and high towards the end of the spring travel. 
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SIDE VIEW of rear engine drive shows the accessory 
lrive, conventional sliding gear transmission and constant 
velocity universal joints mounted on each end of the drive- 
shaft to the hypoid axle. Power transfer case section shows 





the gear box and two clutch housings, that connect the 
engines. Clutch shafts are hollow, permitting secondary 
shafts that drive the accessory power take-off gears to be 
connected directly to the respective engine crankshafts. 














~~Auxiliary 
engine 








Propeller 
shaft 





















HNyarcaynamic 











brbke 4 Transmission 
Ae , 
Carbyretor| | 
| 
Main 
| | engie 
} | 
| | 
| Lh 
a 
2 





[ 








a 

















al ower casting 
rs 
P we AN DN 
T DY ,Zeve/ gears that 
VA ya : AY > drive pinen 
Shifting t iz ) end of accessory 
; rirg | f is ’ 2 F Pg ar veshatt 
(unciutched)— | | f sao ; 
~<a f Nf 


Sh *?* "GQ ring 
(c/ufched) 








eS 4 \\ 
| CEA 4 
» | 
ae 1 ¥ f 
| Kaa a) SSS 
l iid sak - SANNA g 
A 
| ¥ 4 _ 


Y} P7 
4s \ aa 
i pork 

































roller 
bearing 






Bevel drive gear 


: aad aaaamad, 











PLAN VIEW shows the two 154 hp, 2500 rpm air cooled 
gasoline engines. One engine normally drives the bus and 
the other drives the accessories. Overrunning clutch in 
accessory engine drive permits it to furnish additional driv- 
Ng power when it is accelerated to driving engine speed. 
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POWER TAKE-OFF to accessory driveshaft is provided 
with clutches so that either engine can drive the accessories. 
Accessory drive transmission automatically changes ratio to 
protect the various driven components from overspeeding 
when the engines are accelerated. 
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Tandem Axle Unit for Truck Trailers 


Designed to be welded to the frame of commercial 
trailers, this dual axle gear includes a leaf spring sus- 
pension for the two axles and a torque arm placed 
between the axles. The intra axle torque arm, in con- 
junction with journaled spring seats and radius rods, 
prevents brake torque from being passed into the 
springs. Thus all braking forces caused by applying 


the brake on any one axle are absorbed in the indi- 
vidual axle’s suspension. This avoids weight from 
one axle to the other in addition to preventing wheel 
bounce and brake chatter. Alignment of axle is made 
by adjusting the radius rods on one side. Unit is avail- 
able for 4} in. and 5 in. dia. axles, made by the Stand- 
ard Forge and Axle Co., Montgomery, Ala. 





Torque arm 


assermbly 










lorque blocks 


Rubber 
-- blocks 
on sides 








Spring hanger and journal assembly 
with adjustable radius rod 
| Section A-A 


Adjustable right hand side 







front and rear Bracket 


Wear plate 





Soring hanger and journal assembly 
with non-adjustable radius rod 








Tube end 


Non-adjustable left hand side, 
front and rear 
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Side View 













DETAIL DRAWING shows the con- 
struction of the unit. Torque arm as- 
sembly consists of a telescoping tubular 
section that is clamped to torque 


blocks, welded to axles. 
are placed between s 
blocks and clamping ut 


16) 


radius rods are located on the right 


Rubber blocks 
ides of torque 
uit. Adjustable 


hand side of the unit. Rubber bus! 
ings are provided for both radi 
rod ends. Journal is welded to ax 
and clamped in housing. 
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D E S 
Shower Stall 


Base Redesigned 
to Reduce Cost 


This sheet steel stamped shower stall base represents a 
redesign from a welded stamping to a one-piece stamped 
unit. The former design was fabricated by shearing, 
notching and break forming using simple tooling. Cor- 
ners were welded and required an overall length of 30 
in. of welding. Further finish grinding and inspection 
operations were required. The new design is a one- 
piece deep-drawn stamping. Sheet metal shower stalls 
having this type of base are manufactured by the Cutler 
Metal Products Co., Camden, N. J. 

































































SHOWER STALL BASE of new de 
sign has a cost 60 percent below that 
po : i of the former design. A production of 
Amie AE ‘i vad fod approximately 5000 bases was required 
( ——— ——_ a ’ to absorb the cost of added tooling 
ian ai 1) 4 required to produce this new unit. An 
¢ nt : improved appearance has resulted from 
i this design. 
| ; 2 
H | ! s{is § 
|  : 3 S| 3 
H | + | : NEW DESIGN has a sloping floor 
Hi em | iS to permit all water to drain out. All 
i ‘ 42 corners are rounded for sanitation. By 
| | ‘ i using concentric rings in stepped incre- 
| a." | B ments, a non-skid surface is provided, 
| | pineal) This base is 313 in. square and 5! 
BY 2 | IH t a fy ape d1g q 53 
ps — | , Drain hole in. deep. It is made from 16 gage 
“ ed a detail ~— galvanized and bonderized steel. Fin- 
“ A -- A - gaive 
4) 942 india 6 In rad ish is baked-on enamel. Six separate 
manufacturing operations are required 
to produce this unit. 
\a-.546 ino « 4. > 
FORMER DESIGN had a flat bottom : 2 ' 
and did not induce draining. This de- , o— 
sign did not provide a non-skid sur- : ae = 
face. The blank development shows S 
section of the die that was used for ~ , 
the notching operation. Although the er ~@ : 
dies used to produce this part were —aa€ {J 7 ‘ 
relatively simple and inexpensive, the ————~ ==; Lf 
venteen separate operations required ” hed - cee 
produce it made the new design - 
onomically feasible. Material for " S 
is design was also 16 gage steel. ¥ \F 4% 17. chia ~ 4 f 
ee ae sad ! 
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Section A-A (enlarged) 
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Redesigned Scale 
Has Three-Piece 
Plastic Housing 


The “Guardian 70” scale represents a complete rede- 
sign of the former 1935 model. Giving 70 prices per 
pound, the scale has a new three-piece housing and 
redesigned interior mechanism. The housing, made 
of a urea plastic, Plaskon, is designed to resist shock 
and stresses resulting from thermal expansion and 
contraction. Edge lighted plastics illuminate price 
chart for both merchant and customer. Lens housing 
can be pulled out to replace bulbs without opening 
the housing. The duplex lens can be shifted to double 
the price range. For low counters where angular 
price indication is required, different housings and 
charts can be provided. Having 7 optional positions 
for the levelling feet, this scale will set on cases 10 in. 
wide. Zero adjustment is at the front of the base. A 
locking device is provided to lock the internal mecha- 
nism when moving the scale to reduce load impact 
and lateral forces. The hydraulic dashpot is operated 
from the lever spider instead of through the lever 
mechanism. Styling and engineering of the housing 
was by J. M. Little and Associates, Toledo, Ohio. The 
scale is made by the Toledo Scale Co., Toledo, Ohio. 
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INTERIOR VIEW shows some of the 17 die cast aluminu 
components. Two pendulums are provide to compensate fot 
minor out-of-level installations. Capacity adjustments in man- 
ufacture are made by moving pendulum weights to different 
sector rail positions. Relation of sector arc to fulcrum 
is determined mathematically. Thus, no sector adjustment 
required to balance the scale. Cylinder chart pinion is driver 
by a vertical rack through a frame actuated by steel ban 
connected to the constant moment sectors. 


4 
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1935 MODEL had seven-piece plastic housing and aluminum base. It supplemented porcelain finished cast iron models. 


PISSid 3O™D 
, . 
” back lighted ’ 
rage +riark ~ as hott track 





CLOSEUP VIEW and section of indication 
plate and light track on customers side. Two 
acrylic parts ‘‘pipe’”’ the light around the cylin- 
der to the customer's weight indication lens. 
Round plugs, interchangeable in the mold, form 
the trademark and weight indication window. 
The sarfing line conceals any possible misalign- 

of the plugs. The acryli parts are 
mounted on the back cover 
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Round clamp Rectangular clamp 
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Rubber c 
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Lisa. A - Rubber 
PS MM, Die cast 
be cs alurniniiurr 
Stairiless steel rnolding base 
Section through side joint Section through bottom joint 











DESIGN DETAILS show how the plastic and die cast parts are assem- 
bled together. Two round champs are covered by a snap-on medallion. 
Three rectangular clamps are used. Stainless steel molding is fitted 
over a rubber extrusion that joins the two plastic housing shells. Bot 
tom edges of the three plastic housing components rest on sponge 
rubber cemented to the base. This method of assembly permits maxi- 
mum expansion and contraction without excessive stressing of the 
parts. In addition to sealing the interior mechanism against dirt, the 
rubber parts reduce shock damage to the scale. 
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Magnetic Separator for Dry Materials 





CROSS BELT ASSEMBLY 
by a gearmotor through a V-belt drive 
The magnetic unit is mounted in a 


Hame-cut 
drawing shows the hand wheel that 
controls the air gap by adjusting the 


LOO 


Designed to concentrate and purify magnetic and 
non-magnetic materials, this machine has separate 
cross belt units of variable magnetic intensity mounted 
above a belt conveyor. The number of cross belt units 
depends upon the number of magnetic materials to be 


removed. Each cross belt conveyor has a variable 


speed drive. Additional features that permit-this ma- 
chine to separate materials of weak magnetic intensity 
are a high intensity magnetic pole and an adjustable 
Now 
energy program, this machine is built by the Dings 


air gap for each unit. used for the atomic 


Magnetic Separator Co., Milwaukee, Wis. 
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sie Seer Wi in. rmax gap 
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' | | we \Gap 
: adjustment 


\ Moin belt runs at 


“Discharge chute right angles to crosshelt 





is driven height of the 


through 
The — line 


frame section. 


weak 


magnetic 


main 
a wedge block mechanism. 
Cross-section shows the three pole 
shoe that provides the high intensity 
field required to separate materials of 
intensity. 


mits three streams of material to b¢ 
carried from the conveyor belt at one 
time, dec reasing the number of cross 
belts required and thus reducing th 
overall length. Rheostats control th 
field strength of each unit. 


conveyor belt 


This 


per- 
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D E S I G N S 


Drill Feed 
Controlled 
by Heated Wires 


Vertical movement of the drill spindle in the Model 100 





Microdrill is controlled by passing electrical current 





through spring-loaded Nichrome wires. Electrical resist- 
ance of the wires causes them to become heated and they 
elongate, thus permitting the spring to move the spindle 
down. The spindle is driven by a variable speed d-c motor 
through a 1 to 5 ratio belt drive. Electronic controls are 
provided for varying the motor speed and vertical feed. 
Because of its controlled rate of feed the Microdrill can be 
used for operations requiring the use of drills as small as 
0.004 in. dia. Direction of feed can be instantaneously re- 





versed by operating a push button control. Controls that 
permit a precise automatic control of depth are provided. MICRODRILL UNIT has a maximum vertical capacity 


ss : r : . 7" . 1 , 

[he instrument can be used as a direct-reading profilometer of 6} in. Phroat depth is 43 in. Maximum spindle 
feed is 0.150 in. Maximum speed is 50,000 rpm. Spindle 
collet has inserts for standard drill shanks up to 0.025 
in. dia. Thermal feed is rapid and free from backlash 


to locate centers of punch marks or for layout work. It is 
made by the Teletronics Laboratory, Westbury, N. Y. 
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: Electronic 
| 3 | | prove st sed] | 
’ ® + 4 ner 
| "Reaaly 60 sec see Wart A ; 
‘ log time aelau larr | 
n to Le : sissies ' 
ax gap Power supply — a Powe r sh 7 oe 2 ; ‘ _| 
he/|? Pee fal 
. (05-130 volts 60 cps ac power 
7er17 
DRII L CROSS-SECTION shows the ELECTRICAL BLOCK DIAGRAM shows the electrical controls that are inclosed 
‘eed components. Hardened steel in the pedestal and power supply units. Power input to the vertical feed wires 
—— is : 
to b lands on the plunger are hand lapped is precisely controlled by adjusting the thyratron conducting time during each 
o re c ; : ° ° oa ae er a . a" . 
one Wi the bronze sleeve. Dial indicator cycle of their a-c anode voltage. The ‘wait’ and “ready” lamps indicate when 
a r fC x cs a - P ; ° ‘ 2 5 ¢ : : . 
ge ‘or measuring vertical spindle dis- the unit is operative. Vertical feed control and time delay circuit are electrically 
Crass P . ‘ on . Pei ad 
ng tl placement is actuated by an arm at- interlocked to prevent damage to the work if power is applied when the machine 
a ie ached to the plunger. This indicator is left unattended at the end of the warm-up period. With switch in ‘Surface 
Oo . ~ wat ° ; -— ; . i ; 
provides a means for adjusting rate position, drill stops exactly at surface of stock for setting hole depth. In 
and epth of feed visually. “Drill” position, drill advances at desired feed rate to set depth 
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Tractor Engine 
Designed 


for Maintenance 


The kerosene engine of this tractor is designed i 
tO meet Operating conditions where few service fla 
facilities are available. Built by Chamberlain “ 
Industries, Ltd., Welshpool, Western Australia, _ 
the type 40K tractor has nine speeds forward ain 
and three reverse speeds. Forward speeds are cje 
from 1.2 mph to 15.1 mph. Reverse speeds are ne 
from 1.2 mph to 7.83 mph. All speed ratings ryt 


correspond with 1200 rpm engine speed. Maxi- 
mum drawbar power is 41 hp and maximum 
belt power 42.7 hp. 


CYLINDER HEAD and barrel are removed from 
the side of the two cylinder, four cycle, flat 
opposed piston engine by removing nuts from 
studs in the crankcase, exhaust and inlet mani- 
fold faces. Inlet port dia. is 2 9/16 in. and out- 
let port dia, 24 in. 


Advance 








CONNECTING ROD is shown in th 
view into the crankcase Complete ac 


aoe oes 


cessibility to rod and crankshaft bearing MAAC 
INLET AND EXHAUST VALVES are accessible from the side by remov- is provided. Bore and stroke of thif * 
ing the cylinder head. Note the water hose connection to the radiator on engine are 6} in. by 61 in. Pressure Jubrf | 
the right side of the cylinder casting. Cooling is the thermo-syphon. system cation is supplied for the main and cot “1 
with radiator shutter control. necting rod bearings. 
P 
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Grinding Machine 


Uses Cam to 


® | Control Cycle 


Wheel advance and rate of stock removal on this 





centerless grinder are accomplished by a profiled 
flat cam and hydraulically operated slide. This 
method avoids manually operated hand wheel and 





NO. 1 SCRIVENER GRINDER has a capacity of 4 in. dia., 

in. long. Grinding wheel has a 12 in. dia. and control wheel 
a 7 in. dia. Grinding wheel spindle V-belt is driven by a 5 hp 
ejection of shouldered parts such as bolts. The motor. Control wheel spindle has a 3 hp motor drive. Grinding 
machine is manufactured by Arthur Scrivener, Ltd., wheel is trued by a torm-trueing attachment, which can be 
lyburn Rd., Birmingham, England. altered by using various cam plates to correspond to the type 


screw advance provided in former models. Maxi- 
mum wheel opening of 1 in. permits automatic 


of surface to be ground. Control wheel has a similar trueing 
device that does not require compensation in the setting when 






































tilting wheel for straight-through grinding. Grinding wheel 
| speed is 1800 rpm. Machine base is a ribbed iron casting with 
we DAE LER Fea WR eel SR OE Rapid return 4 ; * , 
c Pep 4| Yat twice an extended portion that forms the coolant tank. Wheel spindles 
= f | | Dwelt-_| , ; ; ; 
S a ‘i ped are nitralloy steel running in plain bronze bearings. End thrust 
c removing O10 in+ ‘a nae ee a is taken by spring loaded ball bearings. The machine weighs 
¥ ee I Se eS i000 Ib 
c Quick » 3 
S 4 approach ‘ + + 4 + + + + + ao | N + 
Oo XN 
<q eS ee ee ee ee ee ee ee ee ee ee ee ee re 
| x want . . — a, ° ‘ al 
)) ] ‘ ¢ , > Cg , > 
0 10 60 30 100 CON ROLLED C ‘YC LE is show n. The cam, which is made to ; 
Cucle Time, Percent suit desired conditions, is hydraulically traversed across the fol 2 
Neils lower and causes the wheels to close in or retract. After the cam i 
//ower ° ° - ° 
“ makes its return stroke at double its forward speed, it operates * 
. ° ° ° a 
iain es _ a trip on mechanical ejector mechanism that ejects the work and ° 
leaves the wheels open for receiving the next piece. } 
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Finish 





n in th 
plete a¢ 
bearing Mi \GAZINE FEED for small parts is provided ae entirely FOUNTAIN PEN NIB SECTION ground on the Scrivener 
of thisf @utomatic operation. The operator merely keeps the hopper Grinder. The material for this part is either a casein or 











ure lubs fall The pieces are fed onto the work-plate by gravity. cellulose nitrate plastic. Stock removal is a maximum of 
9 


and con iding and ejection are accomplished automatically. Up 0.018 in. Many other plastic fountain pen parts have been 
© 800 pieces per hour have been ground by this method. centerless ground successfully on this machine. 
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Flexural Strength and Stiffness of 


Wood-Aluminum Sandwich Panels 


Investigation and appraisal of the structural properties and efficiency of sand- 
wich panels and columns having aluminum skins and cores of different woods. 


ROY A. 


MILLER and HENRY L. 


LANGHAAR 


Consolidated-Vultee Aircraft Corporation 


TO OBTAIN DATA that would aid struc- 
tural engineers in utilizing sandwich 
panel construction to maximum advan- 
tage, a comprehensive study was made 
at Consolidated-Vultee Aircraft Cor- 
poration. 

Experimentally, the investigation 
was limited to tests of sandwiches with 
wood cores, since preliminary tests had 
shown that available synthetic cores 
were structurally not so efficient as 
balsa wood. 

Recently developed honeycomb cores 
may be preferable to wood cores, be- 
cause of greater uniformity and less 
permeability to moisture, but reliable 
estimates of the structural performance 
of sandwiches can be based upon test 
data from specimens with wood cores. 

Nearly all the test data that permit a 
weight-for-weight comparison of sand- 
wiches show that balsa is the best core 
wood. Only one exception is noted; in 
the range of very short columns, sand- 
wiches with ponderosa pine cores were 
slightly superior to those with balsa 
cores. Excepting this anomaly, it may 
be concluded that the efficiencies of 
sandwich columns with wood cores 
vary inversely as the core densities. 
This conclusion, however, is not always 
valid when thickness limitations are 
imposed. Also, there is danger in the 
use of very light cores because of the 
loss of shear strength and other prop- 
erties. 

Balsa-aluminum shear webs were 
found to be most efficient when the 
grain of the wood was perpendicular 
to the cover sheets. Also, this arrange- 
ment was found to be true for very 
short columns, undoubtedly, because a 
better bond is effected, and a greater 
resistance to splitting is obtained when 
the grain is normal to the cover sheets. 

Medium-length and long columns, 
on the other hand, are more efficient 
when the grain of the wood is in the 
axial direction, because greater flex- 
ural stiffness results. It may be im- 
possible, however, to exploit this con- 
dition in balsa-aluminum sandwiches, 
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since, when the grain of the wood is 
axial the sandwiches may be too soft 
to be spliced conveniently or attached 
to ribs. Also, thermal contraction of 
an axial-grained wood-aluminum sand- 
wich leaves the core wood in compres- 
sion and the cover sheets in tension 
when the assembly is cooled from the 
bonding temperature. In a sandwich 
with 24S-T86 cover sheets and a red- 
wood core, this effect caused spontane- 
ous splitting. 

Some new synthetic core materials 
may prove to be as efficient as balsa 
for some applications. In recent Con- 
solidated-Vultee tests of floor panels 
for an airplane, the most satisfactory 
specimen was found to be a resin- 
impregnated fabric honeycomb core 
between thin 24S-T sheets. Probably, 
this type of sandwich would also be 
suitable for fairings and for shear 
panels. 

If sandwich panels are used to carry 
axial compression loads, axial-grained 
hardwood cores may be used to ad- 
vantage, because efficiently-propor- 
tioned balsa-aluminum sandwiches are 
frequently too thick for these applica- 
tions. Also, in the short column range, 
the column curves for sandwiches with 
various types of wood cores tend to 
converge. 

The crippling stress for a balsa- 
aluminum shear panel can be calculated 
by an equation. This equation may be 
expected to apply for any sandwich 
shear panel having a light core that 
furnishes adequate coupling between 
the cover sheets. Calculations show 
that hardwood cores are not efficient 
for sandwich shear panels, because the 
wood does not carry an adequate share 
of the load to justify the added weight. 

Small beams without flanges, — 
were tested in shear and bending it 
the planes of the webs, were found na 
have moduli of rupture in the range of 
75,000 to 90,000 psi, when based upon 
equivalent thickness. 

The most promising field for sand- 
wiches appears to be in the construc- 
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tion of non-structural aerodynamic sui 
faces of various kinds; especially those 
that are nearly flat. The main requisite 
for these applications is stiffness, and 
sandwiches possess this quality to a 
high degree. Consequently, sand- 
wiches offer greater smoothness and 
rigidity than can be obtained with 
ribbed-skin construction. These sand- 
wiches must have low density cores. 
It was found that the best birch-alu- 
minum sandwich to fulfill the design 
requirements for a certain trailing-edge 
specimen was 2.5 times as heavy as a 
plain balsa board of the same stiffness 
This result is attributable to the com- 
paratively high density of birch. 

Surprisingly, a design equation, 
which gives proportions of a sand- 
wich panel having maximum stiffness 
for a given weight, shows that a plain 
balsa board i: stiffer, weight-for 
weight, than any wood-aluminum, 
wood-steel, wood-magnesium, or 
wood-fibre-glass sandwich. Therefore, 
although balsa boards may not be prac- 
ticable for the construction of aerody- 
namic surfaces, they serve as a yard 
stick to estimate the efficiencies of 
other coverings. A balsa sandwich 
with the grain of the wood perpendic- 
ular to the cover sheets is somewhat 
less stiff than a plain balsa board of 
equal weight, but it is stiffer than any 
other wood-aluminum sandwich. Such 
a sandwich acquires maximum stiffness 
for a given weight when the core 1s 
approximately twice the weight of the 
two cover sheets. This is also theo 
retically true in a honeycomb core. 

The preceding statements are based 
on the detailed discussion that follows, 
and in which the following nomencla- 
ture is employed: 


t = thickness of either cover sheet, in 

T =thickness of sandwich, measured 
between centroids of cover sheets 
in. 

W = width of column, in. 

b= length of column, in. 

k. = density of core material, lb per cuin 

k, = density of cover plate material, |! 
per cu in. 

P., = Maximum compression load of the 


column, Ib 
For comparing the efficiencies of sand. 
wiches, it is convenient to introduce 
1945 


ENGINEERING AUGUST, 





thi 
ha: 
pel 
ne: 


thé 
col 
gi 
the 


Th 


eq! 


t10 
the 


of 
bu 


lin 





Fis 
ski 
bal 
pre 


s 


Cc Sur- 
those 
uisite 
, and 
to a 
sand- 
4 and 
with 
sand- 
cores. 
h-alu- 
lesign 
r-edve 
y as a 
ffness. 
- com- 
1. 
lation, 
sand- 
iffness 
1 plain 
sht-for 
1inum, 
, of 
refore, 
e prac- 
1erody- 
a yard 
ies of 
ndwich 
pendic- 
newhat 
yard of 
Jan any 
.. Such 
tiffness 
core 1s 
of the 
o theo- 
ore. 
e based 
‘ollows, 
mencla- 


eet, in. 
neasured 
T she ets, 


pers in 
terial. lb 


ad of the 


of sand- 
itroduce 


vr, 1949 





an equivalent thickness f,, which is the 
thickness of cover plate material that 
has the same weight as the sandwich 
per unit area. The equivalent thick- 
ness of a sandwich is given by 
te=2t+(T — 1?) ke/kp (1) 
Dimensional considerations show 
that the critical lead P,... of a sandwich 
column with known end restraints and 
given materials may be expressed in 
the functional form 
Por |W te = f(T /t, L/te) 


Thus, the buckling stress (based on the 
equivalent cross-sectional area W’t,) is 
a function of two variables. This rela- 
tion is essentially more complicated 
than that for an ordinary column, in 
which the buckling stress is a function 
of the reduced slenderness ratio. 

Theoretical investigations of the 
buckling of sandwich columns in the 
elastic range, (See: “Cylindrical Buck- 
ling of Sandwich Plates,” J. N. 

Sapien Journal of Applied Mechan- 

, publication pending), show that 
a phenomenon is extremely compli- 
cated, and that a reduction of Eq (2) 
to a function of one variable is impos- 
sible. Buckling data for sandwich 
columns of given plate and core ma- 
terials, therefore, must be presented as 
a family of curves, rather than as a 
single curve. 

In view of Eq (2), a curve of 
P.,./Wt, versus L/t, can be plotted for 
any constant value of the parameter 
T/t. Such curves afford a comparison 
of the relative efficiencies of sandwich 
columns that have the same cover plate 
material. For if two columns with the 
same cover plate material have the 


5) 


(2) 


same width, length, and equivalent 
thickness, they have equal weights, and 
are then legitimately Comparsnie on the 
basis of their critical loads P,.,. or their 
critical stresses P.../Wt,. Conse- 
quently, when one curve lies above 
another on a chart of P,../W’t, versus 
L/t,, the columns for the higher 
curve are structurally superior to 
the columns for the lower curve. 
Also, the ordinate P,../W’t, for a sand- 
wich column with aluminum-alloy 
cover sheets is directly comparable to 
the average failing stress of an all- 
aluminum-alloy column or plate- 
stringer combination. 


TESTS OF SANDWICH COLUMNS 


A number of test data, Figs. 1 and 
2, on sandwich columns with wood 
cores have been obtained by the Con- 
solidated-Vultee test laboratories. In 
all tests, the grain of the wood was 
parallel to the direction of loading, ex- 
cept in some specimens having balsa 
cores. Some balsa specimens also were 
constructed with the grain of the wood 
perpendicular to the cover sheets. All 
specimens were tested with roller ends. 

The data of Fig. 1 show conclusively 
that the efficiency of a column de- 
creases as the core density increases. 
Ponderosa pine appears to be an ex- 
ception; for in the short-column range, 
where L/t, is less than 45, this wood 
gave slightly higher efficiencies than 
balsa. In the range of column lengths 
that is of greatest practical interest, 
however, balsa is superior to the other 
woods. It should be noted that the 
comparisons are on a_ weight-for- 
weight basis and that some efficiently 


designed balsa-aluminum sandwiches 
would be impracticably thick. 

The data of Fig. 2 show that balsa- 
aluminum columns are most efficient 
when the skin is relatively thin, that 
is when 7'/f is large. For moderately 
long columns, these data also indicate 
that balsa-aluminum sandwich columns 
are more efficient when the grain of 
the wood is axial than when it ts 
perpendicular to the skin. For short 
specimens with L/f, less than 15, the 
data favor the specimens with the 
grain of the wood perpendicular to the 
skin; probably because a better bond is 
effected, or because splitting of the 
core under high stress is prevented. 

It is also evident from Fig. 2 that 
the most undesirable orientation of 
the grain of the wood results when 
it is parallel to the skin but transverse 
to the direction of loading. 

The superior position that balsa oc- 
cupies among the woods results from 
its low density with no more than 
proportionate losses of structural qual- 
ities. It is not surprising, therefore, 
to notice that Fig. 2 shows balsa with 
a density of 0.0054 Ib per cu in. to be 
superior to balsa with a density of 
0.0088 Ib per cu in. There ts a limit 
to the useful reduction of core density, 
however, since lack of shear strength 
and other properties may offset advan- 
tages that are gained by very light 
cores. Also, excessively thick sand- 
wiches are at times required for efh- 
cient construction with light cores. 

The curve for columns with pith 
cores, Fig 2, is not representative of 
what can be accomplished with foam 
cores that are now available, but the 
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Fig. 1—Curves for roller-ended columns with 0.125 in. 248-T86___ Fig. 
skins and different wood cores. Grain of wood axial, except 
balsa core specimens. T'/t was between 11 and 13, skin com- 
Pression yield strength value was between 73,000 and 77,000 psi. 
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2—Curves plotted from results of tests on roller-ended 
sandwich columns having 24S-T alclad sheet skins and balsa 
wood cores. For all the specimens the skin compression yield 
strength value was found to be between 40,000 and 43,000 psi. 
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Fig. 3- 
(B) Cross-section of sandwich beam. 


curve demonstrates that a core material 
must have some qualities other than 
mere lightness to recommend it. 


THEORY AND TESTS OF COLUMNS 


Where M is the bending moment 
applied to the beam, and R is the 
corresponding radius of curvature, 
Figs. 3(A) and (B), the flexural 
stiffness B of a sandwich can be de- 
fined as the stiffness of a sandwich 
beam of unit width; 

B=MR 

For calculating deflections an equiv- 
alent homogeneous beam is ie as 
in reinforced concrete design. For the 
simple sandwich beam shown in Fig. 
3(B), the theoretically equivalent 
beam is shown in Fig. 3(C). This 
equivalent beam has a web thickness 
equal to the ratio of the elastic moduli 
of the core and the skin of the sand- 


wich. Where 
FE, = elastic modulus of the skin 
] moment of inertia of the cross- 


section of the equivalent beam 

the theoretical flexural stiffness of the 
sandwich is 

B ee (4 
Hence, if the thickness T of the sand- 
wich is measured between the centroids 
of the cover sheets, the theoretical 
Hexural stiffness is approximated by 

B=05 E,t T?+0.0833 E. 7 (5 

The results of several column tests 
are available to check this formula. 
According to the Euler column for- 
mula, the buckling load of a long 
pin-ended, sandwich column is 

Pe =m? BW/L? 
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Terminology used in analysis of sandwich beams. (A) Beam under flexure. 
(C) Section of homogeneous equivalent beam. 


This formula is inaccurate, since it 
neglects shear deformation of the 
column; an effect that becomes im 
portant when the core material has 
a small shear modulus. Shear defor 
mation, however, becomes less im 
portant as the length of the column is 
increased. Consequently, it may be ex 
pected that, for long sandwich col- 
umns, the Euler formula is adequate. 

Calculated buckling loads obtained 
from the Euler formula, in which B 
was computed by Eq (5), are given in 
Table I. The lightly loaded columns 
buckled at loads that agree well with 
the calculated critical loads. The dis- 
crepancies observed in the more highly 
loaded columns probably result from 
the effect of shear deformation. 

Further confirmation of theoretical 
results is found in data for very short 
columns. It may be expected that a 
very short column will sustain a load 
sufficient to cause yielding of the skin 
This load is 


P, = W (UF, + TE. 
in which F, is the compression yield 
stress of the skin, and e¢, is the cor- 
responding strain. Table II gives a 
comparison between observed yield 
loads and computed values based upon 
Eq (6). None of the columns re- 
corded in Table II buckled at the yield 
loads, consequently it appears that the 
yield load is a conservative design 
value for very short sandwich columns. 
The agreement between the observed 
and computed yield loads is excellent 

Although it might be expected that 
sandwich compression panels have 


Propucr ENGINEERING 


greater shear rigidity than plat 

stringer panels, such an advantage is 
derived mainly by the removal of 
buckling of the skin. In general, the 
total skin thickness of a well-designed 
sandwich compression panel is no 
greater than the skin thickness of an 
equivalent plate-stringer combination, 
for the efficiency of a sandwich column 
usually decreases as the skin thickness 
increases. On the basis of weight-fo: 
weight and skin-for-skin comparisons, 
sandwich compression panels are not 
more efficient than plate-stringers 


HIGH FLEXURAL STIFFNESS 


For the construction of aerodynami 
surfaces such as trailing edges and 
wing tips, it 1s essential that the sand 
wiches have high flexural stiffness 

From a casual consideration, it may 
be questioned that a sandwich with a 
wood core is stiffer than a plain board 
of the core material. For, if the skin 
were removed and the core thickened 
by a compensating weight of wood. 
the increased moment of inertia might 
compensate for the loss of stiffness 
caused by the removal of the skin 
This is not exactly true for all woods 
but Eq (2) that wood-cor« 
sandwiches acquire maximum stiffness 
when the skin is relatively thin. For 
example, for an axial-grained wood 
aluminum sandwich, it is found that 
the core should constitute at least 8\ 
percent of the weight, if maximum 
flexural stiffness is to 


shows 


be obtained 
This conclusion is consistent with the 
experimental data of Fig. 2, which 
show that maximum stiffness is ob 
tained when T /t is large. 

In terms of the equivalent thickness 
tp, Eq (5) can be approximated as 

B = Ep te T?/44 

(Eo — 3 Ep ke/kp) T?/12 

For a given value of ¢,, this expres 
sion may be maximized with respect 
to J. It then follows that 


$ 


This equation gives the theoretical 
ratio of sandwich thickness to skin 
thickness, when the sandwich is dé 
signed for maximum flexural stiffness 
In an unpublished work, Dr. G. 
Havens has derived a special form of 
Eq (8) for foam cores, in which 
E, is practically zero; and he has con 
firmed the result experimentally. Ha 
vens gave the rule that the weight ot! 
the core should be twice the weight 
of the two cover sheets; a result that 
is equivalent to Eq (8) when F 
equals O. Havens has also shown 
experimentally that the stiffness B o! 
sandwich with a foam core varies 3 
the square of the thickness T. This 1s 
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Table I—Sandwich Column Data 


Balsa Cores, Grain Axial, 


24S-T Alclad Skins, Pin Ends 








l 21.94 22.90 31.95 21.90 
i 1.925 1.956 1.912 1.940 
t 0.024 QO 064 0.040 0.040 
P| 0.514 0 539 0.526 0 545 
EK he g 8 8 8 
E, X 16% 10.5 10.5 10.5 10.5 
Cale BW 81,500 212,000 130,000 142 ,000 
Obs P.- 1.530 3.440 1,260 2,480 
Ea 2. 1,670 3 980 1.260 2,940 
Table Il—Short Sandwich Columns 
24S-T 86 Aluminum-Alloy Skins, Flat Ends 
Core — Balsa* Mahogany White Birch CC Acetate 
Core Grain Perp Skin Axial Axial 
Width 0.993 0 962 0 980 1. 50+ 
t 0 O41 0 0396 O 0402 0 0409 
T 0.300 0 301 0.309 0.297 
cE x 10° 0 1.26 L.78 0 
La * 10° 10.5 10.5 10.5 10.5 
rp? 65 ,000 65 000 65 000 65 ,000 
ey O 006 0 006 0 006 0 006 
Obs P, 5.700 7,200 8.300 8,100 
Cale P, 5,300 7,150 8 530 & OOO 
Density. S lb per cu ft 
in agreement with Eq (5) if E, is — stant ratio for aluminum, magnesium, 
neglected. and steel. For fibre-glass, E,/&, is 
For balsa-aluminum sandwiches, Eq approximately 60. times 10°. The use- 


(8) yields the result that T/f is in- 
finite. This signifies that pure balsa 
wood is stiffer than any balsa-alumi- 


num sandwich of equal weight. The 


data of Fig. 2 tend to confirm this 
conclusion, since up to the maximum 
value of 7/t in the test range the 
stiffness of the specimens 
with the ratio 7 /t. For wood cores, 
other than balsa, Eq (8) shows that 
the optimum ratio of the core weight 
to the weight of the two cover sheets 
is approximately five. 
If the ratio E,./&,.. is considered to be 
a constant for all woods, it may be 
shown from Eqs (1) and (5) that, 
when the stiffness B and the skin 
thickness ¢ remain constant, the weight 
of a sandwich increases linearly with 
the core density. Actually, something 
greater than a linear increase is ob 
tained, because the ratio E../k, gen 
erally decreases as the core density 
(See ANC Handbook on 
~ Design of Wood Aircraft Struc- 
s, July 1942, Table 2-1, p14). In 
view of the conclusion of the pre 
ceding paragraph, it follows that plain 
balsa wood is stiffer, weight-for 
Weight, than any wood-aluminum, 
wood-magnesium, | wood-steel, or 
wood-fibre-glass sandwich, as can be 
seen by writing Eq (8) in the form 


increases 


increases. 


\ ight of plates = (1 Ek, E.} 


ight of core 


ind noting that E,,/%, is nearly a con- 
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fulness of this result is limited, of 
course, because plain balsa boards are 
too soft for most applications, and 
because design conditions may require 
boards of excessive thickness. 

EXAMPLE. Design a sandwich panel 
to carry 5 psi air pressure on a span of 
12 in., with not more than 0.05 in. 
deflection. Since the deflection f is 


. “« TA 
Ta 


5 > X 128 


B= TS = 27,000 
A balsa board, no skin, 
axial, having a thickness T of 0.77 
in.; a modulus E, of 7 times 10° psi; 
and a density k, of 0.0072 Ib per cu 
in. will satisfy this requirement. The 
equivalent thickness f, of the board is 
0.056 inch. 

If a birch-aluminum sandwich, grain 
axial, is designed to fulfill the given 
function, the optimum thickness ratio 


by Eq (8) is 


and grain 


" = (0.0254,0.100) — (1.78/10.5) 47.6 
The values for E, and &. are taken 
from Table 2-1 of the ANC Hand- 
book. From Eq (5) it follows that 

B=0.5X10.5 X 10 7?/47.6 + 

0.0833 K 1.78 & 108 T3 = 27,000 
or 


T = 0.47 in.; hence ¢ = 0.00986 in 
2 x 0.00986 +0 47 
0.139 in 


QO. 254 


1945 


It is also of interest to design the 
best balsa-aluminum sandwich to fur- 
nish the required stiffness when the 
grain of the wood is perpendicular to 
the skin. In this case E, is practically 
zero, ae Eq (8) yields 

=4k,/k, = 4 X0.100/0 0072 = 55.6 
T on pes Eq (5) 


RB=05xX105 10° 73,55.6 = 27,000 


whence 

T = 0.66; andt = 0.66/55.6 = 0.0118 
Hence 

te = 0.071 in. 

Thus, the lightest birch-aluminum 


sandwich that can be designed to pro- 
vide the necessary stiffness is 2.48 
times as heavy as a plain balsa board 
of the same stiffness, and 1.96 times 
as heavy as the best balsa-aluminum 
sandwich with the grain of the wood 
perpendicular to the skin. This ex- 
ample shows clearly that, when sand- 
wiches are designed for flexural stiff- 
ness, a low density core is essential 
for efficiency. 


FLEXURAL STRENGTH 


It may be expected that a wood core 
1S usually sufficiently rigid to permit 
bending of the sandwich to the point 
where the skin yields. This assump- 
tion is supported by the observation 
that well designed short sandwich 
columns will not fail at loads below 
the yield loads. (See Table II). 
Where F,, is the compression yield 
stress of the skin, and ¢, is the cor- 
responding strain, the bending moment 
to cause yielding of the skin of a 
sandwich beam that is bent in a plane 
normal to the skin is approximated by 

M, = F, T t/2 + £. €, T*/6 (9 


Hence, when the core is light, the 
flexural strength increases approxi- 
mately linearly with the thickness T. 
This result is to be distinguished from 
the conclusion that has previously been 
derived from Eq (5), that is, that the 
flexural stiffmess increases approxi 
mately as the square of the thickness 
T. Both of these conclusions have 
been confirmed experimentally by Dr. 
G. Havens. It must be further con 
cluded that maximum strength and 
maximum stiffness for a given weight 
cannot be simultaneously achieved 
with a single sandwich specimen 


SANDWICH SHEAR BEAMS 


Consider a sandwich beam of unit 
width, Fig. 3 (B), loaded normal to 
the cover sheets, and the corresponding 
equivalent beam, Fig. 3 (C), having 
the moment of inertia 7. Then the 
axial stresses in the cover plates and 
the core are respectively 

Oo; MY/I,ando.=MYE./I E, (10 


Where O and J are section constants 
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Table 11]—Strength Data for Sandwich Shear Beams With 24S-T86 Skins 


Core Balsa Balsa 
Grain Perp Skin Perp Skin 
Width 2.00 2.01 

t 0.042 0 041 
i 0.54 0.30 
Ee 0 0 
LO 0.54 0 30 
Tult 200 ? 200 ? 
Cale Vu 216 120 
Obs V ate 125 290 


* Density, 8 Ib per cu ft 


Hon Mahog 
Par’l Skin 


Wh Birch 
Par’l Skin 


C C Acetate* 


2.01 2.01 1.90 
0.0396 0.0402 0.041 
0.301 0.309 0.297 
26 &* 10° 1 78 < 16 0) 
0.281 0.284 0.297 
860 1,300 195 
4&4 740 
S608 S10 110 





Table 1V—Deflection Data for Sandwich Shear Beams With 24S-T86 Skins 


Core Balsa 
Grain Pe rp Skin 
Width 2.01 

t 0.041 

T 0 300 
BW 39 000 
Obs Def 0 0128 
Cale Defi 0 0066 


Hon Mahog 
Par’l Skin 


2.01 2.01 
0.0396 0.0402 
0.301 0.309 
1.26 X 10 Lvs x 
43 600 49 500 
0.0088 0.0074 

0 0060 0.0052 





of the equivalent beam, and V is the 
applied shear load, from statics the 
shearing stress in the core is 

n= FO/l 1 
Note that the beam width W” does not 
appear in these equations, attention is 
confined to a beam of unit width. 

A comparison between some shear- 
beam test data and beam strengths 
as calculated by Eq (11) is given in 
Table III]. The agreement between 
the observed and calculated shears to 
cause splitting of the core is fair for 
the mahogany and birch cores, but 


poor for the balsa cores. The dis- 
crepancies may result from the wide 
variations in the ultimate shearing 


stresses of wood specimens. 

The values of +,., given in Table 
III are taken from the ANC 
Handbook on the Design of Wood 
Aircraft Structures, with the ex- 
ception of the value for cellular cel- 
lulose acetate. This value was calcu- 
lated from the observed ultimate shear 
load by means of Eq (11). The re- 
sult indicates that cellular cellulose 
acetate of density 8 Ib per cu ft is 
comparable in shear strength to balsa 
of the same density. 

In addition to the shear data given 
in Table III, deflection data from 
several simple beam tests are available. 
The specimens were simply supported 
at the ends over a 5 in. span and 
carried concentrated loads P at their 
centers. In Table IV, the observed 
deflections for a 100 Ib standard load 
are compared with the deflections cal 
culated by the beam formula. 

PL 48 BI 260 BH 


The disc repancies in Table IV between 
the observed and calculated deflections 


LOS 


be attributed to shear deforma- 
Note that the test 
beams were very short, consequently 
the shear deflections were relatively 
large. Calculations of the shear de- 
flections are obstructed by the want of 
information on the shear moduli of 
the core materials. For the three 
specimens tested, however, the shear 
deflections were 30 to 50 percent of 
the gross deflections. 

Tests of four sandwich shear panels 
loaded in the plane of the web, each 
20 & 64 in. with 24S-T86 skins and 
balsa cores, are described in ‘‘Sand- 
wich-Type Shear Panels of Wood-Alu- 
minum Construction”, H. L. Langhaar 
and R. L. Fefferman, Propuct ENGI- 
NEERING, December, 1945. The grain 
of the balsa was placed perpendicular 
to the cover sheets, since earlier tests 
had shown that the core wood split 
prematurely when its grain was paral- 
lel to the cover sheets. The specimens 
were all tested as cantilevers. The 
following conclusions were reached 
from these tests: 

Where 

N., = maximum shear flow carried by the 

beam, Ib per in. 

Ke fixity factor for the panel. (The 
same factor that is used for homo- 
geneous panels). The factor 
r?/12(1 — v?) that occurs in buck- 
ling formulas for plates is incor- 
porated in K, 


must 
tion of the core. 


E, Young’s modulus for the skin 
} = width of the panel 
) Bef Ey 


the buckling stresses for sandwich 
shear panels can be computed from 


Nr = 0.83 K,Ep(n T+ 62) (T/b)? (12 


A theoretical derivation of this equa 
tion is given by Langhaar and Fefter- 
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man, but the factor 0.83 is an empiric. 
modification of the derived result. 

The economically designed panc 
that were tested showed about 40 pe: 
cent strength-weight advantage ov 
comparable stiffened sheet panel 
Since the sandwich panels were fr 
of wrinkles, they were stiffer than th 
corresponding web-stiffener combina 
tions. 

Further tests of small sandwich 
beams have been conducted. The speci 
mens in these tests were less than 2 11 
deep, and had no flanges. They we: 
supported at the ends by rounded knif« 
edges, and were loaded by one or two 
transverse cylindrical bars. The loads 
were in the plane of the cover sheets 
Where / is the depth of a specimen, 
the moduli of rupture of the speci 
mens, which are comparable to moduli 
of rupture for corresponding alum: 
num-alloy beams, can be calculated 
from 

a 6M! 

These stresses ranged from 75,000 to 
0,000 psi; the highest values being 
obtained with birch cores. The birch 
core specimens, however, were much 
heavier than the balsa-core specimens 
The moduli of rupture of the two 
balsa-core beams were 82,000 and 
84,000 psi. These values are perhaps 
LS percent less than those that could 
be obtained with solid 24S-T86 bar 
stock. 

Although no tests of large sandwich 
shear panels with hardwood cores were 
conducted, calculations indicate that 
such panels would not be sufficient 
For example, Langhaar and Fefferman 
show that a beam with 0.040 gage 
24S-T86 cover sheets and a 0.25 in 
balsa core failed by web rupture at 
a skin stress of 46,700 psi. The cor- 
responding core stress was determined 
to be 877 psi. A similar beam with 
a birch core would fail at the same 
skin stress, but the core stress would 
be increased to 2,230 psi, since the 
ratio of moduli of elasticity of birch 
to balsa is 1.78/0.70 or 2.54. Hence, 
the ratios of ultimate shear flows for 
birch and balsa core beams would b¢ 


0.080» 
0.080 


46,700 
46,700 + 8 


2230: KX 0:25 
2.25 1.08 


0.25 


but the ratio of equivalent thicknesses 


1S 


5S 
== = 1.46 


5 


0.080 + 0.254 X O 
0.080 + 0.072 X 0 


Thus. the birch-aluminum beam ts -10 
percent heavier than the balsa alumi 
num beam, but the gain of strength 
is only 8.5 percent. These results maj 
be somewhat unfavorable to birch be 
cause of conservative ANC values, but 
they show that a 
sandwich shear panel is inefficient 
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Fig. 1—Comparison of typical designs for assembly by silver brazing. 


Good designs provide for accurate positioning of parts. 


Designing for Silver Brazing 


by Induction Heating 


Unit costs often can be cut by properly designing metal parts for 
assembly for silver brazing by induction heating. Design relation- 
ships, placement of parts, clearance between surfaces, relative 
position of silver alloy and heating coils are important factors. 


FRANK W. CURTIS 
Development Engineer, 
Induction Heating Corporation 


WITH A SUITABLE DESIGN, often sil- 
ver brazing by induction heating is the 
lowest cost way for joining metal parts 
into assemblies. 

In silver brazing, as the work is 
icated the silver alloy melts, and 
lows throughout the joint by ¢ capil- 
ry action. Induction brazed joints: 

) Can be made exceptionally strong ; 

) are liquid and gas tight; (3) 
withstand vibration and shock; (4) 
unaffected by normal temperature 
changes; (5) provide good electrical 

nductivity : and (6) can be plated 

iventionally. 

[he strength of a silver-brazed 
jo:nt depends upon the area and shape 
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of the contact, and the clearance or 
the accuracy of the fit between the 
parts to be joined. As in any type of 
adhesive joint, butt assemblies or 
plain tension fits should be avoided. 
Very often the difference between suc- 
cess and failure will depend on this 
consideration. 


SOME DESIGN POINTERS 


In Fig. 1, the assembly (A) repre- 
sents a poor design. Not only is the 
joint weak, but alignment of the two 
parts would present some difficulties 
during heating. Joint (B), with a 
slight counterbore for the pin, is much 
stronger. Design (C) is good and 
insures maximum strength. (D) is 
excellent because heat can be localized 
to the projecting hub area. Another 
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poor design (E) has no shear area. 
By inserting the disk inside, as in 
(E), the strength of the joint is far 
better. Designs (G) or (H) are best, 
since alignment of both parts is defi 
nitely assured. In fitting a screw- 
machine insert to a tube, design (]) 
incorporates strength; but unless lo- 
cated by a fixture, end location is not 
positive and the parts may shift. De- 
signs (K), (L), and (M) are better 
because end location is assured and 
alignment in a heating coil is simple. 

Clearance allowances in shear joints 
are usually made from 0.0005 to 
0.003 in. on a side, depending upon 
the size of the assembly and the depth 
of the joint. Usually, an overall 
clearance of from 0.0015 to 0.003 in. 
is allowed for small diameters, and 
0.002 to 0.006 in. for larger assem 
blies. Press fits, where a definite in 
terference exists, are not practical 
because no space remains for the sil 
ver alloy to fill. But with excessive 
clearances between the parts to be 
joined, the strength of the joint falls 
off to that of the brazing alloy. The re 
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Fig. 2—Five inserts induction brazed simultaneously. Parts are: Fluxed, assembled, rings of silver alloy preplaced, work located 
in fixture, elevated, and heated to 250 F in 15 sec by 20 kw generator. Openings in water cooled coil are series connected 
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Fig. 3—Wire and shim shapes for applying 


lation between clearance and strength 
of joint is shown in Fig. 4. On the 
basis of the material to be brazed as 
100 percent, the strength of the joint 
drops as the gap between parts is in- 
creased. With proper fit the joint can 
be made as strong as the material 
being brazed. 

Silver alloy can be applied in the 
form of wire, thin sheet, or powder. 
Wire is the most common. In Fig. 
3, wire is applied by hand in (A) 
while the work is revolved slowly as 
it is heated. The wire ring method 
(B) and (C), is preferable because 
uniform distribution of alloy is as- 
sured. Wire rings and inserts often 
are formed to various shapes by coil- 
ing the wire on a mandrel and then 
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silver brazing alloy. Fig. 4 
cutting through them lengthwise. Thin 
sheets, or shim alloy can be blanked 
into washers or inserts as shown in 
(D). Wire sizes mostly run from 
1/64 to 1/16 in., and shims are made 
of 0.002, 0.003, 0.005 in. thick rib- 
bon stock. Wire rings are less ex 
pensive than shim inserts. Use of 
granulated silver brazing alloy, or 
powder, is limited to specific appli 
cations. 

Different ways of placing wire 
rings on the work are shown in Fig. 
5. In (A), when the shaded area ts 
heated, the alloy will flow throughout 
the shear joint. With the ring placed 
inside as in (B), pressure should be 
applied to the upper tube as the alloy 


flows. Far better from a design 
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Effect of clearances on the strength of the brazed joint 


standpoint is to insert the alloy wire 
ring into a groove, either machined 
in the insert, as in (C), or inside the 
sleeve as at (D). When the assem 
bly is heated to the melting point of 
the silver, the alloy leaves the groove 
and flows to the shear area. 

When heated to their flow point, 
silver brazing alloys are extremely 
fluid and tend to flow more in the 
direction from which the heat is ap 
plied. With the assembly (£), the 
alloy in the inserted ring will flow 
more towards the outside edge of the 
joint when the coil is positioned as 
shown in (F). If the coil is raised 
relative to the area to be brazed to 
concentrate heat above the alloy rir ; 
the silver will first flow upward and 
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form a fillet on the inside surface, and 
just show through at the outside edge 
This control of flow is often advan- 
tageous when excessive alloy 1s not 
wanted on inside finished surfaces. 


SILVER ALLOYS 


Alloys for silver brazing are made 
in various compositions having melt 
ing points from 1,000 to 1,400. F. 
A typical alloy containing 50 percent 
silver with cadmium and copper melts 
at 1,150 F and flows at about 1,200 F. 
Advantages of joints brazed with 
these alloys include: (1) Requires lit 
tle cleaning since brazing is done be- 
low the scaling point of steel; (2) 
usually no machining is required after 
brazing; (3) dissimilar metals can be 
joined without difficulty, such as iron, 
steel, copper, and brass; and (4) often 
less expensive parts can be used, with 
a reduction in machine time and in 
material costs. 

In certain designs, inserts can be 
brazed to heat treated parts without 
affecting the hardness. Conversely, 
often it is possible to harden a local- 
ized area after joining without affect- 
ing the braze. By reheating, brazed 
assemblies can be taken apart easily 
or disassembled. 

As in the joining of any metal 
parts, all surfaces to be brazed must 
be clean before heat is applied. 

Flux is necessary for proper flow 
of the alloy to the surfaces to be 
joined. Usually, flux is applied with 
a brush, or the work is Kived. The 
flux should be applied immediately 
after cleaning since it protects the 
metal against oxidation during the 
heating cycle. The flux should have 
a low melting point so it will be li- 
quid before the silver alloy melts. 
After brazing, excess flux can be re- 
moved by dipping the hot assembly 
in hot or cold water. 

INDUCTION HEATING 

Induction heating for silver brazing 
usually offers good heat control and 
a high degree of accuracy. Often 
advantages include: 

1. Economical operation, especially 
where only a local surface is to be 
heated. Heat can be applied to the 
surfaces only requiring joining, with 
little heat loss. 

_ 2. Heating is extremely fast so that 
increased output is gained. On the 
average, a furnace applies about 50 
btu per min, pound, to steel; a 
torch can produce up to 150, while 
induction can transfer from 500 to 
more than 1,000 of heat per pound 
per min to a mass of steel. 

Uniform heating is assured once 
a time cycle has been established be- 
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Fig. S—Proper placement of silver alloy ring and induction heating coil is essential for 
best results. Location of brazing alloy and position of heating coils determines flow. 




















Fig. 6—Different types of induction heating coils are commonly used in production. 


cause of the timing controls, thus to heat a certain mass and 40 percent 


reducing spoilage to a minimum. 

A main requirement in induction 
brazing, as in any form of electronic 
heating, is to have a high-frequency 
generator. Although ratings of oscilla- 
tors range from 1 to 50 kw or more, 
5 to 25 kw units are most common. 

Where: 

u'—=weight of mass to be heated, Ib 

specific heat of material (to heat 1 


lb to 1 F in 1 min) 
temperature to which is to be heated, F 


The heat rating in sec in btu’s required 
KES 
also, 56.7 btu=1 kw 

To this should be added 30 to 50 
percent for losses in the coil coupling. 
For example, if 150 btu are required 
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is allowed for coupling losses, it would 
consume 210 btu. If the power out- 
put of a generator is 20 kw or 1,070 
btu, then the heating time would be 
210/1,070, or about 4 minute. 
Heating coils for silver brazing can 
be designed in a variety of ways, such 
as shown in Fig. 6. Single-turn coils 
are made of tubing in (A), or of 
solid bus construction as in (B). Also 
copper tubing can be used for multi- 
turn coils (C), or for multiple-posi 
tion coils, (D). A multiple-position 
single-turn coil, or solid inductor, is 
shown in (E). A feed-through con- 
veyor-type coil, () is commonly used 
for the brazing parts progressively. 
Where the band of heat is narrow 
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Fig. 7—Arrangement of coils for inductively heating ferrous and nonferrous parts. 


in relation to the diameter and where 
the material is of a ferrous type, such 
as steel, single turn coils are used 
shown in Fig. 7 (A). Where the 
band of heat is wider, as for non- 
ferrous materials because of the bet- 
ter electrical loading characteristics, 
multiturn coils are used as shown in 
7 (B). For ferrous 
coupling or distance from the work 
being heated to the inside surface of 
the coil, is somewhat “‘looser’’ than 
would be used for hardening where 
a rapid transfer of energy is required. 
Also the coupling will depend on 
available power. Usually the distance 
ranges from } to 3 in. With multiple- 
position coils, this distance is reduced 
since a greater overall mass is being 
heated. For non-ferrous materials, 
the coupling is much closer, usually 
trom 1/16 to 3 in. 

Induction heating can braze two or 
more surfaces of an assembly one 
time, but there are certain limitations. 
First, it must be possible to preplace 
the silver alloy so that it will stay 1 
position. Second, the wall thicknesses 


materials, the 


should be somewhat alike to prevent 
overheating a light joint while simul- 


taneously heating a much heavier 
mass. To some extent heat compensa- 


tions can be made by difference in 
coil couplings; but with too wide a 
difference separate heating operations 
are to be preferred. Two representa- 
tive examples of multiple brazing on 
single assemblies are shown in Fig. 8. 
At (A) a cover is brazed to a steel 
shell while at the same time an insert 
is brazed to the cover. A_ section 
through the series coils, showing the 
alloy rings is shown in (B). The 
example in (C) shows a container 
with a disc and tube brazed in place 
simultaneously. 


SOME DESIGNS COMPARED 


The metal assemblies shown in Fig. 
9 are representative of designs using 
silver solder and induction heat. They 
include containers, tubes, bellows, el- 
bows, piping, cutters, spools, and other 
sheet-metal parts. The assembly (A) 
includes a steel shell, a reinforced 
disk and a bushing. The silver-alloy 
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Fig. 8—Representative designs for multiple induction brazing of single assemblies. 
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wire ring, around the head of the 
bushing, will flow around the joint 
faces to form a strong bond. The 
heating coil for such an assembly 1s 
usually a multi-turn seine of the 
inside type. Heating from the under- 
neath side causes the alloy to he 
drawn in from the top to the shear 
areas. In (B) are shown two forms 
of tube joints; the upper is the bell- 
type, and the lower is the straight 
sleeve type. Assemblies of this kind 
are best handled in a vertical position 
to assure even distribution of the 
alloy. 

Example (C) shows a method for 
inserting the alloy ring into a ma- 
chined groove in the face of the pin. 
For the sheet-metal pulley with hub 
(D) a single-turn coil placed around 
the head of the hub assures that the 
alloy will be drawn through all con- 
tacting surfaces. Mechanical parts to 
which carbide inserts are joined, such 
as carbide cutters, can be processed 
by silver brazing. When the inserts 
are arranged, such as with the reamer 
(E), they can be brazed simultane- 
ously by a multi-turn coil. For an 
assembly such as the cutter (F), each 
blade is brazed separately by a formed 
hairpin coil. The ability to localize 
induction heat reduces the danger of 
overheating adjacent areas, or applying 
sufficient heat to affect a previousl; 
brazed insert. Many varieties of thc 
bellows assembly, (G) and tube elbow 
(H) can be brazed in multiple setups 
For the spool (J), a wire ring insert 
is placed into the groove of the 
flange, and a pancake-type coil is used 
for heating. 

The scarf joint (K) is superior to 
a straight butt joint for joining flat 
parts. The lap or tongue joint (L) 
increases the mechanical strength. The 
assembly (M) is a _ conventional 
method of joining a cover to a con- 
tainer. For higher pressure (N) 1s 
better; for an air-tight low-pressure 
joint (O) is satisfactory. Covers often 
are brazed to containers by rolling 4 
bead as in (P), then brazing the cover 
as shown at (Q). For additional 
strength the end of the shell can be 
rolled over as at (R). To hold the 
two parts together during brazing, 
can be done by first center punching 
indentations at several points as at 
(S), or spot welding at intervals 
at GP ). 

Typical brazed assemblies (U) and 
(W’) are joined and held together by 
ring staking; this is done before the 
heating operation. The assembly 
(X) comprises a tube and a drawn 
cap; for which the alloy ring is pla ed 
on the inside and the heating coil 
on the outside; (Z) shows an alterna 
tive joint for this assembly. 
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—Wide variety ? i ; i i 
e variety of good designs showing range of metal assemblies that lend themselves to silver brazing by induction heating. 
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Typical Feeders, Take-Ups, Driven 


Power required to operate a belt conveyor system 
is determined by movement of components, hori- 
zontal movement of material and lifting or lower- 





ing of material. Friction losses in idler bearin 
constitute a part of total power losses but are 
as large as sometimes assumed. Idlers should 
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STRAIN GAGES were applied to highly strained regions in the crankpin fillet. These areas were first detected by the brittle 


coating method, so gages could be placed at 


the most critical points. 


Strains there were ultimately reduced 15 percent. 


Strain Testing Improves 


Iron Alloy Machine Parts 


H. M. HARDY 


Technician 


T. O. KUIVINEN 
Administrative Engineer 
Cooper-Bessemer Corporation 


THE USUAL PROCEDURE for interpre- 
tation of strain test readings is to de- 
termine stress as the product of strain 
by modulus of elasticity. This method 
is not correct for Meehanite metal, 
since the stress-strain curve departs 
from a straight (constant modulus) 
line at low values. Further- 
more, the shape of the curve varies 
for different analyses and cooling rates. 
The best practice is to determine the 
stress-strain curve of a specimen taken 
from the part being tested. When 
the applicable stress-strain curve is 
available, the stress for any meas- 
ured strain can be determined directly 
from the curve. This is not strictly 


stress 
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true for sections under combined 
stress because stress in one direction 
affects strain normal to that direction. 
The required correction can be made, 
but it is seldom necessary to do so. 


CAST CRANKSHAFTS 


Investigation was made of the pos- 
sibility of reducing stress concentra- 
tion at the crankpin fillets of a Mee- 
hanite crankshaft designed for a 9 
in. bore diesel engine. The original 
crankthrow, Fig. 1, was much like 
the conventional steel design, except 
for the cored lightening holes and 
unmachined crankwebs. Standard cal- 
culations dictated the broad crankwebs, 
which are about 13} in. across. 

A single crankthrow was used since 
only comparative results were re- 
quired. It was statically loaded in a 
200,000 Ib hydraulic testing machine, 
supported in a fixture which allowed 
free axial deflection, simulating well- 
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lubricated bearings. In each test Stress 
coat was used to determine the most 
highly strained regions, and _ then 
SR-4 strain gages having } in. gage 
length were applied. Gages on the 
original crankthrow are shown in the 
lead picture. The load was applied 11 
increments, and the strain in each 
gage was measured with a strain in 
dicator. 

High stress concentration, as ant 
cipated, was found in the crankpin 
fillet. Reduction of this stress con 
centration was obtained by removing 
metal from the inner side of the 
crankweb, thus increasing the effectiv¢ 
radius of the crankpin fillet. A se 
tion taken at the crankthrow center 
line plane, Fig. 2, shows the fou 
contours tested. No. 1 is the origina! 
design, and each subsequent contou! 
was obtained by hand grinding, (0 
templates, on the same crankthrow 
These contours became shallower 0? 
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Fig. 1—(A) Original cast crankshaft design for a 9 in. bore diesel engine. Lightening holes were cored. (B) Section 


at crank- 
throw centerline, showing four contours successively ground in the crankweb inner side, for stress relief comparisons. 
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Fig. 2—Strain measurements obtained for each 
of the stress relief contours shown in Fig. 1(B). 


both sides of the center plane and ran 
out to the original crankweb surface 
between 45 deg and 55 deg from the 
center plane. 

Since this work was comparative 


width. Surprisingly, no noticeable 
change at the fillet resulted. 

The present design of the crank- 
shaft, Fig. 3, reflects the results of 
these tests. A change in the oil hole 


Fig. 3—Redesigned cast crankshaft, showing stress relieving pocket and straight 
cylindrical cores. Oil hole drilling was changed so cylindrical cores could be used. 


tion of operating stresses by calcu- 
lations. A design produced by the 
old system of ‘beefing it up’ be- 
comes much too cumbersome for cur- 
rent high operating pressures. Strain 


»plied inf only, a tensile stress-strain curve was drilling made it possible to use straight gages may be used with loading simi- 

in ¢€ach} not obtained. Results are therefore cylindrical cores. It was then prac- lar to operating conditions, with satis- 

train N- | given, Fig. 2, in strain, instead of tical to make the main journal core factory measurement of operating 
stress, plotted radially from the crank- include a contour which is between _ strains. 

as antl 


crankpin 


pin surface. Contour 2 was not deep 
enough to have much effect. Contour 


No. 3 and No. 4 test contours. A 
similar contour is built into the crank- 


A double-acting cylinder designed 
for 1,000 psi discharge pressure, and 


ress COM} 3 reduced the strain by 15 percent. pin core. The crankwebs have been for as large as an 8 in. diameter bore, 
removing} Contour 4 showed no improvement reduced more than two inches in was studied. General scheme of the 
ol the Over 3, perhaps because it reduced breadth. test was to seal all external openings 
- effective | the cross-section of the web too much. Although the test was far from and apply static fluid pressure to the 
A sec} The effect of the cored hole in the elaborate, it gave a reasonable basis cylinder. The main difference of the 
w centel’'{ main journal is noticeable in the flat- for redesigning for less stress and less _ test loading from normal loading is 
the four} tening of the curves close to the weight. that all passages are at the same pres- 
© origina} center plane, but the hole is too far , ae ie otal sure, instead of having suction pres- 
t contout trom the fillet to be important. COMPRESSOR CYLINDER sure in one side and discharge pressure 
iding, 10 Sirain gages measuring the bending A compressor cylinder is a cast in the other. To measure strains in 
ankthrow. | at the broadest part of the crankweb _ structure so complicated in form and the pressure space it is necessary to 
lower 0°} had shown low strain levels, so the in loading that it is at present im- seal the gages and the wires against 
| “fankwebs were milled off to 10 in. possible to arrive at a fair approxima- electrical leakage to the fluid, and 
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the wires must be brought outside, 
both pressure sealed and insulated 
from the metal. The first require- 
ment was met by the use of an in- 
sulating varnish, which was entirely 
successful. Electrical contact between 
the outside and inside of the cyl- 
inder was made through the center 
electrodes of a set of automotive spark 
plugs, which were screwed into one 
of the sealing flanges. The side elec- 
trodes had been broken off, and pig- 
tails were soldered to the center elec- 
trodes. This is an ideally simple 
method when there is space to in- 
stall enough spark plugs. 

The compressor valves of this cyl- 
inder are located in circular holes in 
the cylinder barrel. Outside each 
valve is a cylindrical chamber (axis 
radial from the main bore), followed 
by a circular-section passage leading 
to the single suction or discharge 
flange. The region from the dis- 
charge valves to the discharge flange 
is subjected to high pressure, but to 
small pressure fluctuation and _ there- 
fore small stress range. Those sec- 
tions subjected to wide pressure var- 
iations are most likely to fail under 
repetitive loading. Strain tests showed 
that the most highly stressed location 
was at the inner edge of the valve 
hole where it intersected the cylinder 
bore. This stress direction was tan- 
gential to both the main bore and the 
valve hole. It is a combination of the 
hoop stress in main barrel, associated 
with hoop stress in the hole itself. 

Section through the cylinder bore 
and the discharge passage, and loca- 
tion of the gages in the final test is 
indicated in Fig. 4. The five gages 
shown are all of } in. gage length, 
and act perpendicular to the plane 
of the sectional view. Gages 21 and 
22 showed the highest readings. The 
tensile stress at this point, caused by 
a pressure of 1,100 psi, which is the 
estimated maximum for a normal dis- 
charge pressure of 1,000 psi, was 
about 13,000 psi. The rather large 
pre-stress caused by the valve pull- 
down load was about 7,500 psi ten- 
sion. The result was an estimated 
safety factor of 1.86 based on an 
estimated endurance limit line for 
40,000 psi ultimate strength and 14,- 
000 psi endurance limit in reversed 
bending. Here was a situation that 
could not be corrected by a simple de- 
sign change. It was necessary to put 
the stressed region in initial compres- 
sion. The redesign incorporated one 
transverse steel bolt on each side of 
each valve hole. 


MEEHANITE BEAMS 


It is well known that the calculated 
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Fig. 4—Compressor cylinder section, showing strain gage locations. Hoop stress in 
the main bore and hoop stress in the valve hole cause maximum strain under gage 21. 
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Fig. 5—Stress-strain curves for four typical beam sections of M-40 Meehanite. Tension 
and compression specimens were tested with strain gages after bending tests on members. 


stress at the breaking load, where the 
modulus of rupture equals Mc/I, of 
a transverse bar of Meehanite is 
much greater than the ultimate tensile 
strength. A series of Mechanite beams 
was strain tested to extend knowledge 
of this relationship for casting designs 
to be stressed in service in the fatigue 


range. 
The series consisted of four dif- 
ferent beam sections; circular, rec- 


tangular, a fairly thick I-section, and 
a thin H-section. The material was 
Meehanite of Cooper-Bessemer desig- 
nation M-40, having a tensile strength 
of 42,000 psi and total carbon of 
3.15 percent. Each beam was 21 in. 
long and was bent as a centrally loaded 
simple beam over an 18 in. span. A 
traverse of SR-4 strain gages was 
placed over the depth of the beam 
and 14 in. away from the beam cen- 
ter. This location was chosen to avoid 
local distortion caused by the loading 
block. 

After the bending tests, tension and 
compression specimens were cut from 


the ends of the circular and _ rec- 
tangular beams. These specimens were 
tested with strain gages, and from 
them the stress-strain curves shown 
at the left of Fig. 5 were found. These 
curves were used with the strain val- 
ues from the beams to produce curves 
of stress distribution versus position 
on the beam section. The resulting 
representative stress curves, Figs. 6 
and 7, are shown with the strain 
curves from which they were deriv ed. 

These stress curves were checked 
to see if the net internal axial force 
equals zero and if the internal couple 
equals the external bending moment. 
These checks came out close, so the 
testing method may be considered sat- 
isfactory. 

The I- and H-beams were too thin 
to provide test specimens. Since their 
cooling rates were different from those 
of the former beams, the stress-strain 
curves should not be the same. To 
draw stress distribution curves for the 
I- and H-beams, it was necessary to 
approximate stress-strain curves [of 
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Fig. G—Observed strain curves in a circular Meehanite metal 
beam with corresponding stress curves. From specimen tests. 
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Fig. 7—Observed strain curves in a rectangular Meehanite metal 
beam with corresponding stress curves. From specimen 


tests. 
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Fig. 8—Observed strain curves in a Meehanite metal I-section 
beam with corresponding stress curves. Stress curves estimated. 


each. 


These were estimated and ad- 
justed so that the resulting stress 
curves, at several load levels, satisfied 
the force and moment relationships. 
In Figs. 8, 9 and 10 the results are 
shown. 

Are the strain curves in beams of 
such material straight or curved lines? 
On the basis of this work it appears 
that the strain curves are straight, at 
least for practical purposes. The com- 
pression side of the I-beam shows a 
small but noticeable deviation, and a 
similar spot on the H-beam has a 
marked departure from the straight 
line. This occurs not only on the 
compression side, which implies that 
it may be due to some sort of buckl- 
ing rather than a property inherent 
in the section. The H-beam is much 
thinner than any section that would 
Ordinarily be used. The general con- 
clusion is warranted that the strain 
Curve is straight for all common sec- 
tions. 

Strain and stress at two different load 
levels are shown in Figs. 6 through 


9. A clearer picture of what happens 
as load is applied may be derived 
from Fig. 10, which shows the rela- 
tion between measured stress (from 
strain) and calculated stress (Mc/I) 
at five load levels for the circular 
beam. The compression side of the 
beam follows the theoretical stress 
(dashed line) rather closely, but the 
neutral axis moves toward the com- 
pression side as load increases. On 


Fig. 9—Observed strain curves in a Meehanite metal H-section 
beam with corresponding stress curves. Stress curves estimated. 


the tension side the maximum stress 
is much less than calculated. 
The relation of maximum tensile 


stress to Mc/I is plotted in Fig. 11 
for the four beams. These curves 
are the most important result of the 
tests. Consider first the I-section, 
which is like a cross section of an 
engine rocker arm. Up to 14,000 psi 
the actual stress is slightly greater 
than Mc/I. At stresses up to 8,000 
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Fig. 10—Stress distribution in a circular section Meehanite beam at five load levels. 
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Fig. 11 


psi the actual stress for all sections 
is equal to or greater than Mc/J. This 
may be surprising, but it follows from 
the fact that in several cases the ini- 
tial modulus or elasticity in tension 
has been found to be greater than 
that in compression. Although it does 
not show clearly on the illustrations, 
at low loads the neutral axis was 
usually found on the tension side of 
the mid-depth. This is another re- 
sult of unequal tension and compres- 
sion modull. 

Study of the round beam. stress 
curve indicates that the results of 
rotating beam endurance tests should 
be used with caution. An endurance 
limit value calculated from the known 
bending moment as 16,000 psi, for 
instance, would be incorrect, since the 
actual surface stress, from Fig. 11, is 
14,700 psi. It would be dangerous to 
use the value of 16,000 psi endurance 
limit in designing a part having an I- 
section, while it would be satisfactory 
for a circular section. On the other 
hand, when endurance data from an 
axial (push-pull) machine is avail- 
able, say 16,000 psi, the product 
of allowable Mc/I and safety factor 
could be 18,000 psi for a round beam. 

For purposes of practical calcula- 
tion within an accuracy of 10 percent, 
Fig. 11 shows that use of Mc/I for 
calculating stress in beams of this 
material will be correct up to 16,000 
psi. It also shows that in an iron beam, 
disposition of most of the material 
close to the extreme fibers, as in the 
H-section, makes the beam follow the 
conventional theory quite closely. 

A round and square beam of high- 
strength Meehanite were also strain 
tested in the same manner. The ten- 
sile strength from a piece cast 2 in. 
diameter was 58,800 psi. The stress- 
strain curve in tension is on Fig. 5, 
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-Maximum tensile stress in four types of Meehanite beam 
cross sections, as related to their calculated bending stresses. 


and the maximum stress vs. Mce/I 
curves are on Fig. 12. In spite of the 
increased slope of the stress-strain 
curve, the ratio of stress to Mc/I for 
the round beam at an assumed endur- 
ance limit of 20,000 psi, 1s 0.89, 
practically the same as with the lower 


strength material. In this case the 
tension stress did not exceed Mc/I 


at any load, which implies that the 
initial modulus of elasticity in tension 
is no greater than that in compression. 

For medium and high strength Mee- 
hanite beams under cyclic loading two 
conclusions emerge. First, for prac- 
tical stress calculation normal bending 
theory can be used with sufficient ac- 
curacy. Second, about 10 _ percent 
should be deducted from a rotating 
beam endurance limit value when it 
is used in designing I-section beams. 

The results of the experimental 
work also indicate that: 

1. For Meehanite beams, plane 
transverse sections remain plane after 
bending. 

2. Longitudinal stress is definitely 
not proportional to longitudinal strain 
(whether tension or compression) for 
this material. 

Comparatively simple — bending 
theory can be derived when the mod- 
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Fig. 12—-Maximum tensile stress in two types of high strength 
Meehanite metal beams. Normal bending theory can be used. 


ulus of elasticity in tension, E,, is dif- 
ferent from that in compression, E,. 
This theory shows that the neutral 
axis is displaced toward the higher 
modulus side, and that the stress is 
greater on that In the early 
stages of bending of a Meehanite 
beam, the neutral axis is on the ten- 
sion side and the tension stress ts 
greater, approximating the case of E, 
larger than E.. As the load is in- 
creased, the neutral axis moves to the 
compression side and the tension stress 
becomes less than the compression 
stress. The condition is then similar 
that for E. greater than E, 
differs because the stress-strain curves 
are no longer nearly straight. 

If it were necessary, for practical 
work, . analytical expressions for 
ratio of stress to strain could be 
rived. These expressions could 
used in place of E, and E, in theory 
similar to that above. Reference 1 
gives a graphical method for deter- 
mining beam deflection which might 
be expanded to give the same results. 
Both methods are tedious, so expett- 
mental method generally is preferable. 
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URANIUM and other rare metals have been made in impure powder form 
for at least a century but only within the last 30 years have they been 


purified and put to work. 


Not foreseeing the potent use to which this 


metal would someday be put, uranium was discarded as a useless byprod 
uct of radium in America during the first world war. 


* 


* 


IN 1681 Otto von Guericke, of Germany, invented the first machine that 
produced electricity by friction. This apparatus was formed by a ball of 


sulphur fixed to a spindle, on one end of which was a crank, so that it 


i 


could be rotated by one hand while the other hand was placed against the 
surface of the ball. This generated what is now known as static electricity 
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Fig. 1—Engine and accessory instruments mounted on panel of a B-24 or Ford built Consolidated Aircraft Company Liberator. 


Aircraft Instrument Design 


T. B. HOLLIDAY* 


President, Land-Air, Inc. 


ENGINES OF NEW DESIGNS have opened 
another era in aviation. Aircraft, are 
no longer limited to a ceiling of 50,- 
000 ft. New altitudes, speeds, operat- 
ing temperatures and navigational 
problems loom over the horizon. New 
instruments must be designed to help 
the airplane venture into this new en- 
vironment. 

The sole purpose of aircraft in- 
struments is to provide accurate in- 
dication of distant conditions. To de- 
sign an instrument that satisfies this 
purpose is not easy. In addition, the 
demands for maximum reliability, and 
minimum weight and space further 
complicate the problem. 

Basically, most instruments should 
Operate without fail in any airplane 
at any place in the world at any time 


* Formerly Asst. Chief, Equipment Lab., Engi- 
neertr Div., Air Technical Service Command. 
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in the year. Aijrcraft instruments, 
therefore, should be designed to per- 
form satisfactorily when exposed to 
high altitude conditions, humidity, 
corrosive agents, salt air, fungi, vibra- 
tion, and high and low temperatures. 

Without instruments, more than the 
usual conservative operation would be 
necessary. Instruments provide warn- 
ings that any part of the engine, struc- 
ture or accessories is approaching its 
stress limits. These stress limits can 
be caused by heat, pressure, power or 
loading. 

An instrument will pay its way in 
so far as weight is concerned, because 
it makes possible the saving of weight 
in other parts of the airplane. This 
factor is important, because each 
pound of material in an airplane is 
operated to its limit in an endeavor 
to hold weight to a minimum. 

Instruments give the pilot an indi- 
cation of the performance of acces- 
sories. The number of accessories 
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used in airplanes is constantly increas- 
ing. As the number of accessories 
increases, so does their importance. 
Some have almost reached the stage 
where they are essential to flight. 

Instruments rnake possible the op 
eration of the airplane at marginal 
conditions and thereby increase speed, 
range and regularity of schedules. The 
first of these marginal conditions oc- 
curs at take-off. Take-off of overloaded 
planes requires maximum power from 
the engines and extra skill on the part 
of the pilot to utilize most effectively 
the aerodynamic ability of the airplane. 
Instruments watch the engine ro | help 
the pilot lift the airplane off the run- 
way. Once in the air, it becomes neces- 
sary to reduce power and adjust fuel 
for economical operation. Instru- 
ments again show the safe and proper 
points of engine operation for speed, 
manifold pressure, temperature and 
fuel mixture. 

Take-offs in blind weather are made 
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Kollsman Instrument Div., Square D Company 
Fig. 2—Airspeed indicator that has a dia- 
phragm for a pressure sensitive element. 


easier by instruments, for they mark 
the direction down the invisible run- 
way. Landing the airplane is another 
critical operation that is made much 
simpler with instruments. Safe glid- 
ing speed, position of landing gear 
and flaps, engine temperature and 
glide path location are some of the 
quantities shown to the pilot by in- 
struments as he makes his let-down 
to the field. 

The problem of bringing an indi- 
cation to the pilot’s panel has been 
solved in many ways. Initially, me- 
chanical arrangements were used. Later, 
hydraulic and electric coupling were 
used. As the size of airplanes in- 
creases, any mechanical solution for 
indicating conditions is likely to be 
inadequate. The day is almost past 
when a given pressure, temperature 
or speed can be mechanically con- 
nected to an instrument on the pilot’s 
panel in any but private planes. Fig. 1 
indicates the magnitude of the task. 


TYPES OF INSTRUMENTS 


Aircraft instruments can be divided 
into many groups according to func- 
tion, type of coupling and type of in- 
dication. A functional grouping 
might be: Engine, fuel, navigation, 
flight, and accessory. 

Engine instruments accurately show 
the operating conditions within the 
engine, and are usually divided into 
three types: Temperature, pressure and 
speed. Temperature instruments show 
oil and coolant temperatures. In the 
recently developed jet engines these 
instruments also show bearing and 
exhaust temperatures. Pressure instru- 
ments show oil and fuel pressure. 
Tachometers show the engine’s speed 
of rotation. 

Instruments in the fuel system are 
needed to show quantity, pressure 
and rate of flow. Fuel quantity is 
needed to determine flight duration. 
Knowledge of the rate of flow is de- 
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sirable for measuring the economy of 
operation and the power delivered by 
the engines. 

Instruments that assist navigation 
include the compass, gyroscopic in- 
struments, air speed indicator, alti- 
meter and clock. The purposes of 
these instruments are obvious. The 
mechanical design of each of them is 
quite different. A recent trend to- 
wards the combination of the magnetic 
compass and directional gyroscope has 
many obvious advantages in that the 
combined instrument is a better solu- 
tion than either single instrument. 

Flight instruments include two 
gyroscopic instruments, the artificial 
horizon and turn and bank indicator. 
These are needed for maneuvering the 
airplane, particularly in blind flight. 
The rate of climb indicator is similar 
to the altimeter and is quite useful in 
blind flight. 

Accessory instruments include such 
diverse classes as: Electrical, hydraulic 
pressure instruments, suction indica- 
tors, position indicators and fire warn- 
ing indicators. 

A definite trend towards electrically 
operated instruments has been noted 
during recent years. Other solutions 
to the instrument problem are often 
heavy and vulnerable, and sometimes 
have an undesirable time lag, par- 
ticularly at low temperatures. 

Another grouping of instruments 
by the type of indication makes a dis- 
cussion of trend easier. The following 
types are examples: Temperature, 
pressure, quantity, flow, gyroscopic, 
and directional. 

Measurement and indication of tem- 


perature is difficult to do mechanically. 
The temperature gage, therefore, was 
one of the first of the electrical types. 
One popular type uses a resistance 
bulb, at the point of temperature meas- 
urement, as one leg of a Wheatstone 
bridge circuit. The indicator is con- 
nected across the bridge. As the value 
of resistance changes with temperature 
the bridge circuit becomes unbalanced 
and the indicator deflects from _ its 
null position. The deflection is pro- 
portional to the resistance change and 
is calibrated in degrees of tempera- 
ture. The reading is proportional to 
the resistance change and is calibrated 
in degrees of temperature. This type 
has an undesirable characteristic in 
that the reading is proportional to ap- 
plied voltage. There is a trend, there- 
fore, to a ratio type instrument the 
reading of which is independent of 
the voltage. 

Another type of temperature meas- 
uring instrument is the thermocouple; 
it is most suitable for temperatures of 
250 F or more, but is heavier than 
desired. The trend is towards a sub- 
stitute, perhaps of the resistance bulb 
type that will duplicate the thermo- 
couple characteristics. The need for 
a still higher temperature indicator 
for jet engines has extended the tem- 
perature range, which must be meas- 
ured, to approximately 1,500 F and 
has given the thermocouple instru- 
ments a new lease on life. 

For the measurement of pressure, 
the Bourdon tube type of instrument 
has been the simplest possible solu- 
tion. Here the applied pressure tends 
to expand a curved tube that is closed 
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Fig. 3—Dual Autosyn aircraft indicator with two self-synchronous motor elements 


Propuct ENcINEERING — Aucust, |945 





at 0 
tube 
disp. 
by 1 
dial. 
El 
indi 
vices 
self- 
a Si 
This 
sum 
EI 
an if 
to be 
tire 
indic 
indic 
tesin 
must 
catec 
are 
need 
be ; 
othe: 
Al 
sures 
hydr 
curac 
porte 
shou 
prob 
5 to 
oline 
for a 
Tl 
Fig. 
strun 
stead 
aphr 
torqt 





cally. 
| was 
types. 
stance 
meas- 
stone 
. con- 
value 
rature 
anced 
m its 
} pro- 
e and 
npera- 
nal to 
brated 
s type 
tic in 
to ap- 
there- 
nt the 
ant of 


meas- 
ouple; 
res of 
r than 
a sub- 
e bulb 
nermo- 
ed for 
dicator 
ie tem- 
meas- 
F and 


instru- 


ressure, 
rument 
4 solu- 
e tends 

closed 


Yorporation 


elements. 








at one end. The movable end of the 
tube is geared to a pointer so that the 
displacement of the tube is indicated 
by rotation of the pointer around a 
dial. 

Electrical transmission of a pressure 
indication is not easy. The usual de- 
vices for this purpose use a pair of 
self-synchronous motors to transmit 
a signal initiated by a Bourdon tube. 
This arrangement is heavy, space con- 
suming and expensive. 

Electrical indication of pressure is 
an intriguing problem. The pressures 
to be measured in aircraft run the en- 
tire gamut of values. The airspeed 
indicator, altimeter and rate of climb 
indicator are examples where infini- 
tesimal changes in the presure of air 
must be detected, measured and indi- 
cated. At high altitudes these changes 
are so small that amplification is 
needed. An electrical indication can 
be amplified more easily than any 
other. 

At the other end of the scale, pres- 
sures as high as 3,000 psi exist in the 
hydraulic fluid mediums. Here ac- 
curacy of measurement is not so im- 
portant and an electrical solution 
should be easy. In between lies the 
problem of measuring pressures of 
5 to 15 psi in such mediums as gas- 
oline, kerosene and alcohol compounds 
for anti-icing. 

The airspeed indicator shown in 
Fig. 2 is a very sensitive pressure in- 
strument that uses a diaphragm in- 
stead of a Bourdon tube. The di- 


aphragm does not produce enough 
torque to rotate self-synchronous mo- 
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tors and thereby permit electrical 
transmission of the indication. 

An Autosyn indicator is shown in 
Fig. 3. It is a dual indicator. Two 
self-synchronous motor elements can 
be seen. The other motors are located 
at the point of measurement. 

For the measurement of quantity 
a float actuated potentiometer operat- 
ing through a ratio indicator is most 
popular. This type of instrument has 
many drawbacks, one of which is that 
the potentiometer and its element 
should be sealed from explosive va- 
pors. Such sealing is not easy. Another 
drawback is that the float and_ its 
linkage has in many instances been 
too fragile. 

A better type of quantity gage is 
being sought, but as yet no substitute 
has been standardized. A gage that 
measures the capacity between two 
electrodes immersed in fluid appears 
to be promising. This gage requires 
a high frequency power source and 
the indicator must be a null seeking 
device, since adequate power cannot 
be taken from the gage itself to drive 
the indicator. Such a solution may 
be expensive, but if it provides a more 
accurate measurement of fuel quantity 
it will be worth the extra expense 
involved. 

The quantity of fuel and its rate 
of consumption determine the range 
of military aircraft. During the war 
it was found to be very difficult to 
attain maximum range from all air- 
planes in the same squadron or group. 
For example, it was found necessary to 
carry an additional 500 gallons (3,000 


Fig. 4—Turn and bank indicator in which the gyroscope is driven by d-c power. 
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Ib) of gasoline in four-engine bombers 
in flights from England over Germany. 
Some of the airplanes would return 
with the excess 500 gallons, while 
others would have to land short of 
the home station because of lack of 
fuel. Accurate instruments of control 
devices that can reduce this margin 
will be worthwhile. 

One difficult problem has been the 
measuring of fuel flow. Jet engines 
will emphasize this problem, because 
the fuel flow is much higher than with 
conventional engines. The major dif- 
ficulty has been to obtain an accurate 
measurement without causing an ex- 
cessive drop in pressure in the fuel 
system. Originally, fuel systems op- 
erated with approximately 4 psi pres- 
sure so that a loss of pressure within 
measuring instruments could not be 
tolerated. Systems of more recent 
design using 15 psi pressure can toler- 
ate a greater loss. 

One popular solution is a vane type 
pump that acts as a hydraulic motor 
when fuel flows through it. The 
pump is connected through a mag- 
netic drag link to a tachometer or 
speed measuring indicator. Another 
solution uses a small induction gen- 
erator turbine in the fuel line. In 
this arrangement, the rotor of the 
generator is magnetically coupled 
through the fuel line wall to the 
generator windings. 

Original designs of gyroscopic in- 
struments were driven by air suction. 
This method of driving permitted dust 
and moisture to be drawn into the 
instrument case, consequently, the gy- 
roscope bearings and lubricants were 
contaminated. In some instances, the 
life of the gyroscope was shortened 
to as little as thirty days. A trend 
toward electrically operated gyroscopes 
resulted, because these designs could 
be completely sealed within the case 
and thereby avoid any contamination 
from external causes. These elec- 
trical gyroscopes are driven by d-c 
and a-c power of either single phase 
or three phase. The a-c designs are 
preferable because they do not have 
a commutator and brushes, which are 
sources of carbon dust and_ other 
further contamination. 

There is also a trend toward central 
station gyroscopes from which remote 
indicators will show the altitude of 
the airplane. There must be also a 
trend toward more and more accuracy 
in gyroscopes because these elements 
are the heart of accurate navigational 
methods. In Fig. 4 is shown a turn 
and bank indicator with a d-c gyro- 
scope. 

The magnetic compass is the direc- 
tional reference in any airplane. The 
compass has one fault in that it is 
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Fig. 5—Tachometer with magnetic drag cup. 


subject to a turning error resulting 
from the vertical component of the 
earth’s magnetic field. One solution 
is to mount the directional element on 
a gyroscopically stabilized platform. 
This arrangement keeps the directional 
element parallel to the earth’s mag- 
netic field regardless of the maneuvers 
of the airplane. A prior development 
was the use of a directional gyroscope 
that has no turning error but which 
tended to precess. 

Finally the two instruments were 
combined so that the directional ele- 
ment of the magnetic compass con- 
stantly corrected gyroscopic precession, 
in this way one instrument gives a 
correct indication at all times. 


A second trend has been toward 





(B) 


(A) Alternating current generator. 


the remote location of the compass 
elements to avoid deviation errors re- 
sulting from proximity of steel struc- 
ture and electric wiring. This aircraft 
installation problem concerns the in- 
strument designer only to the extent 
of seeing that proper provisions are 
made for mounting. 

Instruments that measure rotational 
speed are limited to two similar de- 
signs. One design uses a drag cup 
in which an increase of speed will 
tend to increase the displacement of 
a pointer, which is restrained by a 
calibrated spring. The drag cup is 
usually magnetic, although other solu- 
tions might be favorable. Fig. 5 
shows a tachometer having an a-c 
generator, the output of which drives 





+ 


j 


Kolisman Instrument Div., Square D Company 


(B) Synchronous motor with a drag link. 


a synchronous motor coupled to the 
indicator pointer through a drag cup. 
The other design uses an electric gen- 
erator the voltage output of which is 
proportional to speed. An indication 
of speed is given to the pilot by a 
voltmeter calibrated in terms of speed 
in revolutions per minute. 

The problem of measuring rotational 
speed has been intensified by the i 
engine, which operates at high sp eeds 
and critical speeds. It is necessary to 
obtain a more accurate indication of 
rotational speed in these engines than 
in any used heretofore. The instru- 
ments now used are barely adequate, 
therefore, this field offers excellent 
opportunity for the instrument de- 
signer to make needed improvements. 





Contrasting Colors for Metal Templates 


THE PROBLEM Of insufficient uniform- 
ity, sharpness and density of lines 
scratched on metal templates and 
master layouts has been solved by 
S. H. Phillips, Process Engineer, at the 
El Segundo Plant of Douglas Aircraft 
Company. Special paints in contrast- 
ing colors are applied to the template 
in successive layers. Lines inscribed 
through the outer layer stand out in 
clear precise relief in the color of the 
undercoat. 

Metal sheets or templates are coated 
with a dark chromate primer. DuPont 
black enamel is then applied, followed 
by a finish coat of standard dull white 
paint. A scriber is used to cut the 
desired lines, numbers and notations 
through the white surface. Thus ex- 
posed, the underlying black surface 
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shows as a uniform line well suited 
for photographic reproduction. The 
common practice of filling scribed lines 
with contrasting paint is therefore 
unnecessary. 

This process has been further de- 
veloped for particular use on master 
layouts. Clearances between parts and 
limits of parts movement, of prime 
interest to the engineering department 
but of little or no value to other de- 
partments can be superimposed on the 
basic layout. After black and white 
coatings have been applied, as above, 
the layout is covered with a water- 
soluble compound. Clearance, limit 
or other specialized information is then 
inscribed. This second series of lines 
and figures is brushed with a different 
colored lacquer. The water-soluble 
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compound is washed from the com- 
pleted layout, leaving the basic layout 
contrasted in black and the second 
series of lines in contrast to both the 
white background and black lines. By 
using variocs contrasting lacquers, sev- 
eral series of lines can be superimposed 
on a single layout. 

When the layout is photographically 
reproduced, the colored lines can be 
withheld from the negative by utiliz- 
ing suitable color filters. The final 
metal reproduction going to the shops 
can thus be tailor made to show only 
desired information. Present practice 
is to use only two colors, yellow and 
blue, because Kodalith line negatives 
are not sufficiently sensitive for satis- 
factory reproduction of other stan: id 
colors. 
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Fig. 1—High fidelity magnetic tape recorder. 


(A) Console type recorder. 


Ingenious Drive Mechanism 


From “Drive Mechanism for High Fidel- 
ity Magnetic Tape Recorder” by R. H. 
Ranger and R. H. Kunnapfel, Rangerton, 
Inc. presented at 1948 AIEE General 
Meeting, Pittsburgh, Pa. 

SPECIALLY MODIFIED INDUCTION 
MOTORS give a relatively smooth, con- 
stant speed, constant tension drive for 
a high fidelity tape recorder. Carefully 
balanced torque characteristics of the 
motors avoid the use of complicated 
control circuits. 

The 2 mil thick, } in. wide plastic 
tape used for recording is relatively 
fragile. So the stability of drive should 
preferably come from an inherently 
tigid speed control instead of from the 
use of large mass drives, idlers, or 
complex feed systems. The 4,500 feet 
of tape travels as shown in Fig. 1. To 
Maintain constant tension as the di- 
ameter of the roll of tape on the two 
spools change, the driving torque must 
change. To meet broadcast specifica- 
tions, the speed cannot vary more than 
0.3 percent of standard, and the over- 
all variation, or average speed should 
not vary more than 0.1 percent. This 
requires freedom from eccentricity on 
all pulleys and the synchronous drive 
spindle to values that will keep this 
tolerance in speed variation. 

\lso, the synchronous drive motor 
Must rotate at a synchronous speed, 


~ 


ous control consists of a tape drive 
spindle of 0.3183 in. diameter coupled 
through two sets of precision centering 
bearings to a 1,800 rpm synchronous 
motor. The linear speed of the spindle 
is 30 in. a second. The tape is pressed 
against the spindle by a rubber roller 
that is actuated by a solenoid during 
the playing cycle. Tape speed is de- 
pendent upon spindle speed and fric- 
tion forces between tape spindle and 
between spindle and roller rubber. The 
resultant forces acting on the tape do 
not exceed the coefficient of friction 
of the tape on the spindle against 
which it is pushed by the normal force 
of the rubber roller. But, wear on 
the spindle and the tape is propor- 
tional to this friction so by maintain- 
ing a minimum resultant force on the 
tape at the spindle, a stable speed and 
minimum wear is obtained. 


The ideal situation for minimum 

















O 5 1C he U d 
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Fig. 3—Variation of tension between 
spindle and both the rewind and the 


take-up spool versus the program time. 


Without any hunting, or other speed 
Variations remaining within the 0.3 
percent of standard speed. Synchron- 

) . 
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(B) Plan of driving system for the recorder unit. 


resultant force would be if the take-up 
drive pulled the tape from the rewind 
spool at 30 in. a second, without the 
synchronous drive being actuated. 
Then, the synchronous drive would 
have only a nominal effect on the tape 
speed, and the resultant force at the 
spindle would be zero. Or in other 
words, the braking force between the 
rewind spool and the synchronous 
drive spindle would be equal and 
opposite to the tension between the 
take-up spool and the drive spindle. 
From the viewpoint of stresses at the 
synchronous spindle, the tension, left 
and right from the synchronous motor 
to the take-up motors, need not be 
constant and need only balance. But, 
this tension should be controlled as 
closely as possible since the tape ten- 
sion will affect the manner in which 
the tape spools. 

At the standard tape speed of 30 
in. per sec, the roll of tape grows in 
size from a diameter of 4 in. at the 
hub to a 14 in. roll. The torque re- 
quired from the take-up motor is the 
product of the pull on the tape, and 
if the pull is to remain constant, the 
torque must vary directly as the radius. 

In modifying the induction driving 
motors, advantages is taken of the fact 
that the maximum torque of an induc- 
tion motor is obtained when the rotor 
reactance equals the rotor resistance. 
The reactance in turn varies as the slip 
speed. For the take-up motor, the 
stator field revolves at 1,800 rpm and 
the slip speed equals 1,800 minus the 
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rotor speed. It is obvious from the 
curves shown in Fig. 2 that the maxi- 
mum torque must occur near zero 
speed. Near zero speed, the slip speed 
and consequently the reactance will 
be high. The rotor resistance must, 
therefore, be high if the torque is to 
be highest near zero speed. 

For the motor releasing the tape, 
direct current is applied to retard the 
tape. The field of this motor generated 
by the d-c braking voltage does not 
revolve, and therefore, the slip speed 
equals the rotor speed. Also, the maxi- 
mum torque is required at zero speed ; 
but now the reactance is low and the 
rotor resistance must be correspond- 
ingly low. 

To obtain the right characteristics, 
the resistor rings of induction motors 
with squirrel-cage cast aluminum rotors 
of very low resistance, are turned 
down until the proper resistance was 
obtained for each of the two motors. 
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Fig. 2—Comparison of  speed-torque 
characteristic for ideal motor providing 
4 oz. tape tension and for motors used. 


The characteristic approaches the de- 
sirable hyperbolic curve for the right 
hand motor as shown in Fig. 2. The 
curve can be raised and lowered by 
supplying various voltages, and thus 
provide various tape tensions. 





Evaluation of Cast Crankshafts 


Foreign Abstract condensed from “The 
Production of Cast Crankshafts” by R. B. 
Templeton, The Institution of Automobile 
Engineers, London. Published March 1947. 


WHAT IS THE ATTITUDE of engine 
builders to the cast crankshaft? It is 
obviously one of caution. They have 
for years steel with economic 
and service satisfaction. They realize 
the possibilities of the cast crankshaft 
and its advantages. They know that 
it gives them a wider choice of ma- 
terials, but they feel that a casting can- 
not entirely supersede the forging or 
stamping, and therefore that certain 
good properties of cast iron must be 
sacrificed on the altar of interchange- 
ability. In very few cases has the de- 
signer boldly accepted the structural 
properties of a high tensile cast iron 
to best advantage. 


used 


PHYSICAL PROPERTIES 


A relation of the properties of high 
tensile mild steel and ‘Mee- 
hanite’’ cast iron has been summarised 
in Table I. 


steel, 


Item 1—-Shows the tensile strengths 
obtained in routine production of the 
three materials. 


Item 3—How above strengths are 
affected by the ratios in 2. 


Item 5—These are the actual values 
under which the component operates, 
and are values on which all calcula- 
tions should be based. It will be seen 
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that ‘“Meehanite’” compares favour- 
ably with mild steel and is not greatly 
inferior to alloy steel. 

Item 6, 7 and 8—These are accepted 
values and show the cast iron to be 
inferior to the steels. 

Item 11—These Brinell figures are 
of forgings, stampings and castings in 
the unhardencd state. 

Dealing with Table II, Item 1 in- 
dicates broadly the relative strengths 
as obtained on separate test pieces. 
The influences of (Item 2) 
notch sensitivity must never be over- 
looked in assessing strength value of 
the actual crankshaft, particularly 
where the drilling of the oil channels 
might give rise to peak stress concen- 
trations. 

Item 3—-Damping capacity is a re- 
sultant of the ratio of plastic to elastic 
strain, and is a safeguard against the 
building up of resonance stresses. A 
high duty cast iron is four to six 
times more efficient in this property 
than a 0.23 carbon steel, an advantage, 
though not a major one, in the total 
damping of an engine. 

Item 4—Comparison of resistance 
to shock is difficult to make, and there 
are wide differences in the three ma- 
terials. As impact resistance has little 
importance in a crankshaft, the author 
considers that the low izod value of 
cast iron has no great significance. 

“Crankshaft Design and Manufac- 
ture,’ by J. Smith sets out some in- 
teresting and rather outstanding test 
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results on cast iron compared with 
steel, and shows that cast iron is highly 
resistant to fracture under certain con- 
ditions of repeated impact on notched 
bars, which is basically the type and 
nature of loading a crankshaft has to 
withstand. 

Item 5—Wear resisting properties 
are dealt with fully in a later section 
of the paper. “Meehanite” in the “‘as- 
cast’’ state is outstanding in wear re- 
sistance, and heat treatment is neither 
necessary nor desirable. 

Item 6—Cost of hardening is an 
important factor in final cost, and to 
obtain the best wear resisting proper- 
ties steel must be hardened. It should 
also be remembered that local hard- 
ening might introduce a danger of 
stress concentration unless carefully 
applied. 

Item Machining properties are 
dealt with under ‘Dimensional Toler- 


ance’’ and Item 8—‘'Freedom in De- 
sign’”’—1is also dealt with later in the 
paper. 


The designer might well ask the 
foundryman—Why not improve the 
properties of cast iron where they 
compare unfavorably with steel? Why 
not improve its strength? This can be 
done, in fact today cast irons are being 
made with U.T.S. of 35-40 tons per 
sq. in. The author its not, however, 
convinced that this is a wise answer, 
because any increase in strength en- 
tails a sacrifice of damping capacity, 
an increase in notch sensitivity, and, 
because of the reduced volume of 
graphite and changed structure, a sacri- 
fice of wear properties. Perhaps most 
serious of all, owing to the greater 
difficulty in casting, an uncertainty in 
soundness. 

Uniformity of structure throughout 
the crankshaft is the final criterion of 
its durability in service. 

Tolerance on a drop stamping 1s 
comparatively small, but castings can 
be produced to similar tolerance. In 
a casting it varies with size. Length 
can be held within 1/32 in. on small 
and medium shafts, and the allowance 
for taper on vertical faces is negligible 
compared with 5 deg taper on a 
stamping. 

This accuracy and absence of taper, 
eliminates machining of the webs and 
balance weights. Many cast shafts 
up to four feet in length have been 
produced with machining only on the 
bearings and journals, and a clearance 
of 1/32 in. between location faces and 
the sides of the webs. The machining 
allowance on the bearings of small 
shafts can be 1/16 in. on radius. ‘1 he 
ideal is to cast to a grinding allowance, 


Propuct ENcINnEERING — Avucust, 1°48 





which 

Wi 
allow 
in a Cc 
consic¢ 

On 
produ 
comp: 
an ev 
in fay 
have 
curacy 
leave: 
point 

Du 
neck 
limiti 
and 1 
shaft 
folloy 


L. 
comp 
billet 

es 
ing Ff 

4. 
achie 

4. 
hours 

Fis 
comf 
giver 


Ni 


quen 
over 
in the 
a bre 
ture 
porti 
curve 
the S 
Tt 
treat 
tions 
Dut | 
vanté 
dyna 
TI 
vest, 
on b 
on 4a 


ert 


to n 
dit ( 


Prot 





with 
ighly 
con- 
‘ched 
| and 
as to 


erties 
ction 

"O65 
ir re- 
>ither 


iS an 
id to 
oper- 
10uld 
hard- 
ar oof 
fully 


$ are 
Toler- 
1 De- 
n the 


< the 
e the 
they 
Why 
an be 
being 
Ss per 
vever, 
iswer 
h en- 
ACI, 
and, 
1e of 
sacti- 
most 
reater 
ity in 


ghout 
on ol 


ng is 
r§ can 
e. In 
ength 
small 
wance 
ligible 
on a 


taper, 
dS and 
shafts 
; b en 
1 the 
arance 
es and 
hining 
small 

The 
wance, 


1948 





A 


Lb S 


which is by no means impracticable. 

With increasing size it is usual to 
allow 3/16 in. to 3 in. cut. Distortion 
in a cast shaft is rare and need not be 
considered in fixing such allowances. 

On larger shafts for small quantity 
production, the tolerance of a casting 
compared with hand forging shows 
an even more outstanding advantage 
in favor of the casting, and numbers 
have no influence on dimensional ac- 
curacy. Small scale forging production 
leaves much to be desired from this 
point of view 

During the war when the bottle- 
neck in machining capacity was a 
limiting factor in crankshaft output, 
and it was then the opinion of Crank- 
shaft Control that castings had the 
following advantages: 


1. Important saving in material 
compared with shafts forged from steel 
billets. 


2. Heat treatments between rough- 


ing processes were obviated. 
Considerable reduction 
achieved in machining hours. 


was 


Wastage of material and of man 
hours was generally reduced. 

Figures supporting this claim were 
completed by the Control and are 
given in Table III. 

Normal high duty irons 
able to heat treatment. 
quench around 850 C a hardness of 
over 500 Brinell is produced, and, as 
in the case of steel, tempering produces 
a breakdown of the martensitic struc- 
ture and a reduction in hardness pro- 


are amen- 
By an oil 


portional to the tempering range. The 
curve for tensile strength also takes 


the same form as in steel. 

The enhanced properties of heat- 
treated irons are of value in applica- 
tions such as gears and cylinder liners, 
but it is doubtful if they are an ad- 
vantage in crankshafts which involve 
dynamic stresses. 

The Cooper Bessemer Co. have in- 
vestigated the effect of heat treatment 
on bending and torsional fatigue limits 
on actual crankshafts and test pieces 
cut from crankshafts. Their conclu- 
s are that static strengths are greatly 
ncreased but there is no appreciable 
improvement in endurance limits. 

The increased static strength is off- 
set by loss in other directions. Impact 
value is reduced, and though it has 
been said that this is not a vital prop- 
erty in crankshafts, a reduction is un- 
desirable. An increased susceptibility 
to notch effects is important, though 
~ icult to measure, and there is also 

reduction in damping capacity. 

it is significant that, of the few 
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Table I—Physical Properties of Crankshaft Materials 





Item Property Alloy steel 
ee a decane a eee 
1 Ultimate tensile strength, tons per sq in. 50 
2 Ratio of fatigue to tensile.......... 0.45 
3 Fatigue strength, tons per sq in. . | +22.5 

4 | Percentage loss on notch effect... | 30 percent 
5 | Resultant fatigue stre ngth, tons per sq on, +15.7 
6 | Modulus of ~— , Ib per sq in.. ...| 29,000 ,00( 
7 | Modulus of rigidity, “tb per sq in | 11,500 ,00( 

8 | Torsional modulus af peta tons per sq| 
cdashidiiddbaatekicetnannwndn 4.65 
9 | Ratio torsion: i fatigue to tensile. 0.36 
10 | Torsional fatigue, tons per sq in...... +18 
11 | Brinell hardness............. 250 


Mild steel 


Meehanite 





0. 45 

| 115 3 

5 percent 
+11.5 

| 29 000,000 

| 11,500,000 


, | 
) | 


12 percent 
+12 6 
22 ,000 ,000 
8 ,700 ,000 
32 
0.4 
+11 
240 


yuan 











Table I1—General Comparative Summary 





























| | 
Item | Property Alloy steel | Mild steel Meehanite 
—| - Sane me ——|— — = 
| | 
1 Strength or | Good | Satisfactory Adequate 
2 Notch sensitivity Sco High | Me dium Low 
3 Damping capacity. ; | Low | Medium High 
4 | Shock resistance Very good Very good Satisfactory 
5 | Wear Properties: 
Not hardened . F air Poor 3 xcellent 
Hardened....... ; oe Excellent Very good 
6 Cost of hardening..... | High High Nil 
7 Mz achining P roperties . Good Fair Exec llent 
8 Freedom in design Limited Limited Unlimited 
Table I1I—Comparative Figures of Material Loss 
And Machining Times Of Steel and Cast Iron Crankshafts 
Forgings Castings | Savings 
TY pe o ] | 
engine Lb. Lb. | Hours Lb. Lb. Hours Hours 
Rough | Finish | Machine} Rough | Finish Machine Lb. Machin- 
weight | weight | time weight | weight time Material ing 
| 
Diesel 6-cyl 2520 | 657 | 160 700 63 80 1800 80 
oo aie 1344 287 | 100 256| 216 30 | 1017 70 
ee ee 672 140 | 60 177 | ‘141 34 $9¢ 2¢ 
4-cyl 924 | 279 | 73 300 278 55 623 18 
6-cyl 1316 330 | = 75 364. | 354 34 97 4] 
Co; ae 469 133 73 120 96 2 312 19 
4-cyl Compr 630 168 84 159 126 5] 439 33 
ee 616 93 55 114 87 24 496 | 3] 
a eee 364 72 65 101 74 35 265 | 30 
Total for one of | | | 
each type....| 8855 | 2159 745 2291 | 2009 367 6424 378 
| | 
failures which have occurred, the ma- 60 percent of any remnant stresses. 
jority have been on heat-treated shafts. Repeated tests have proved that 
These heat treatment processes must the structure, hardness and _ tensile 


not be confused with stress relief 
treatment which has no other physi- 
cal effect. It is the standard practice 
of the author’s firm to heat shafts 
to 550-600 C for a period of four 
to five hours, followed by slow cooling 
to remove residual casting stresses. 
This is an insurance rather than a 
proved necessity, and does remove 
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strength are not influenced in any way. 

Opinion from six different users of 
cast crankshafts were unanimous that 
the wearing properties of cast shafts 


were superior to those of steel, 


both 


so far as the shaft itself and the bear- 
ings were concerned. 

It cannot be claimed that the prob- 
lems of wear resistance are fully un- 
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derstood. Two important factors in 
crankshaft wear are surface finish and 
metal structure. It is not proposed to 
enter the controversial field of the 
former, except to state that after a 
short running-in period, a cast iron 
shaft takes on a mirror-like finish 
highly resistant to further wear. 

The structure of a good cast iron 
has a similarity to that of a bearing 
metal. Small graphite flakes well dis- 
tributed, help to retain lubricant, and 
the pearlite matrix is hard enough to 
provide a good wear-resistant surface. 

Any interruption or breakdown of 
the oil film gives momentary metallic 
contact and may cause local welding 
of the bearing and shaft materials. 
Cast iron is less liable than steel to 
this local fusion, presumably due to 
the protective influence of the surface 
emanating from the graphite flakes. 

Where conditions of loading per- 
mit, tin base bearings of 89 percent 
Sn, 73 percent Sb, 34 percent Cu types 
are to be preferred. Heavier pressures 
in many modern diesel engines de- 
mand other materials. Copper lead 
bearings, either sintered or cast, are 
used; and for best results with these 
bearings it is necessary to heat-treat 
steel shafts to maximum hardness or 
plate with hard chromium. Such treat- 
ments are not necessary with cast 
shafts, which give better results at the 
normal ‘‘as-cast’’ hardness of 230 
250 Brinell, than can be obtained on 
hardened steel or chromium plated 
steel shafts. 

A well designed cast shaft should 
not require machining of the webs. 
Turning of the bearings and location 
faces only should be called for. Clear- 
ances are dependent on the size, but 
many shafts have been cast with a 
clearance of 1/32 in. between location 
faces and the webs. 

The rectangular shaped web of a 
forging which is accepted in order 
to minimize the machining costs does 
not make economic use of the mate- 
rial. An oval form, however, con- 
centrates the maximum section at the 
point of maximum stress. Weight can 
be reduced by recessing and also by 
chamfers on the ends of the webs. 
Where the web thickness has been 
kept to the minimum to obtain the 
maximum bearing length, the location 
faces can be increased in diameter. 
They can also be offset from the 
crankpins and journal centers to give 
greater overlap and extra metal at 
the critical section. This is valuable 
with “negative overlaps,” where the 
stroke is long in relation to bearing 
diameter. It is also possible to re- 
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duce the length of the bearing owing 
to the greater loading which cast iron 
will stand. 

When balance weights are required 
on the forged shaft additional machin- 
ing in attaching them is necessary. 
The incorporation of balance masses 
of the most desirable form presents 
no difficulty to the foundry. 

To obtain the uniformity of section 
necessary for homogeneous, sound 
castings it is helpful to core all the 
bearings. Not only is this an advan- 
tage in design but a valuable saving 
in weight. The crankpin cores need 
not be central, but can be offset slightly 
to reduce the moment of inertia still 
further. It is accepted that the fatigue 
strength of the hollow shaft is greater 
than that of a solid shaft. 

Another method of weight reduc- 
tion and the elimination of unstressed 
metal is where the crankpin cores are 
continued throughout the flying webs, 
giving the webs a box form. The 
coring of the bearings necessitates some 
change in the drilling of oil holes, 
but bosses to carry the oil holes are 
easily incorporated. These are nor- 
mally on opposite sides of the crank- 
pin and journal cores so that the drill- 
ing is at an angle instead of radially. 
This disposition of the oil supply to 
the crankpins in advance of top dead 
center has advantages in maintaining 
adequate lubrication. 

A recent advance is the incorpora- 
tion of steel tubes in the casting, 
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which eliminates drilling and makes 
it possible to deliver the oil at the 
most lightly loaded point on the cir- 
cumference of the crankpin. 

The bending stress on a crankweb 
is not uniformly distributed over its 
width, but is concentrated in the center 
portion around the center line be- 
tween crankpin and journals. If the 
center portion is suitably recessed the 
concentration is dispersed and_ the 
stresses distributed over a greater area. 
Further research is necessary to de- 
termine the most suitable form of 
these recesses and the maximum 
strength increase which can be ob- 
tained, but published German. test 
figures show extraordinary gains by 
adopting these methods. 

Such refinements in design do incur 
ncreased costs. Where general con- 
ditions of design necessitate the use 
of the vertical core assembly method 
of molding, then there is no extra 
cost involved, but a straightforward 
four throw shaft modified in this way 
does incur additional cost. 

A shaft which can be molded hori- 
zontally with a minimum of coring 1s 
the cheapest to produce. Web contour 
has an influence here but a six throw 
shaft can be made to mold on a flat 
joint line. Such a shaft is then al- 
most as simple to produce as a four 
throw shaft. 

Other parts of the paper discuss 
foundry technique and radiological ex- 
amination. 





Productive Capacity of Machines 


From “Turning Points in the Metal 
Working Industry,” by Myron S. Curtis, 
Warner & Swasey Company, presented at 
1948 Machine Tool Forum held at West- 
inghouse Electric Corporation, Buffalo. 


THE CAPACITY of 


PRODUCTIVE any 
machine tool is controlled by two 
major factors. These are: (1) Ma- 


chining time, that is, the time actually 
spent in the removal or forming of 
metal; and (2) Handling time, that 
is, the time required to load and un- 
load the workpieces, to change speeds, 
and bring the tools into position. To 
effectively increase the productive ca- 
pacity of a machine tool, attention 
must be given to both of these factors. 
If machining time alone was con- 
tinually decreased, the handling time 
would soon be so far out of proportion 
that any further decrease in machining 
time would result in only a slight im- 
provement in productive capacity. 
The most marked improvements in 


machine tools have always been forced 
by the development and appearance of 
new cutting materials. The appearance 
of carbide cutting tools in 1928, to 
gether with improvements in the car- 
bides themselves since that time, and 
the development of techniques in the 
use of carbides has made people speed 
conscious. Some of the most striking 
illustrations of cutting speed possi- 
bilities are in the nonferrous metals. 
One example is the setup for bar mill- 
ing during the war. Airplane wing 
spars of aluminum were machined up 
to speeds of 12,000 ft per min. Even 
at those speeds the maximum cutter 
capacity was not reached. 

Naturally, the next thing to do was 
to find out how fast aluminum could 
be turned. The Aluminum Company 
of America in their research laboratory 
made a series of exhaustive tests. It 
was necessary to build a special lathe 
with special spindle bearings and 
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methods of cooling them. Eight inch 
diameter rolled stock was turned on 
this lathe at speeds up to 10,000 ft per 
min, depth of cut was 4 in. and feed 
was 0.014 in. per spindle revolution. 
Cuts were also made at a speed of 
20,000 ft per min with a 3 in. depth 
of cut and 0.020 in. feed per spindle 
revolution. The chips came off at a 
tremendous speed in a continuous hori- 
zontal stream to a distance of thirty 
or forty feet from the machine. 

This is all very interesting as a 
laboratory test, but what would you do 
with that speed in a lathe spindle? 

These test pieces were all trued up 
before being put into the lathe and 
had to be bolted to the spindle nose 
because no chuck would hold them. 
Perhaps it is possible to approximate 
these speeds in turning bar stock where 
the bar, if symmetrical, is in balance, 
but of course, it is impossible to con- 
sider these high cutting speeds with 
castings or forgings where not only is 
the piece out of balance to start with, 
but where the balance constantly 
changes as material is removed. 

You can’t just say—I’m turning a 
piece in two minutes at 1000 spindle 
rpm, so I'll increase the spindle speed 
to 2000 rpm and do the piece in one 
minute—things are not as simple as 
that. Most turning jobs require the 
starting, stopping, and sometimes the 
reversal of the spindle. 

This condition brings to light cer- 
tain limitations of electrical equipment. 
The pull-out torque of standard induc- 
tion motors is often too low to permit 
rapid machine acceleration and reverse 
with conventional clutches. As a re- 
sult the motor stalls and the overload 
relays trip. 

The electrical manufacturers are not 

making the problem any easier by their 
ferating and redesign program, which 
has resulted in smaller and lighter 
motors with pull-out torques closer to 
the NEMA limits. 
. To solve these acceleration prob- 
lems, various things are being done, 
such as using flywheels, or torque 
umiting or smooth-acting clutches. 
This latter, it is true, takes the load 
off the motor, but the heat dissipated 
dy such clutches may have serious ef- 
‘ects on the proper operation of the 
Machine, 

In machines directly motor driven 
without clutches, starting and plug 
stopping impose severe heating prob- 
lems on the motor, since the induction 
Motor is notoriously inefficient when 
used as a brake. The design of special 
Motors for such applications, unfor- 
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tunately, has not kept pace with the 
demand and is usually the limiting 
factor for further progress. 

In addition to the heating limita- 
tions, the motor accelerating and de- 
celerating torques dictate lower spindle 
speeds. For many short machining 
cycles, the length of time to start, stop 
and reverse require a compromise on 
machining speeds. For example: One 
of our customers had a die-cast gear 
that he wished to machine at 1500 
rpm, and to tap at 500 rpm. Because 
of the extra time required to accelerate 
and decelerate the spindle at 1500 rpm 
over that required at 1000 rpm, we 
were able to save 10 percent in floor- 
to-floor time by machining at 1000 and 
tapping at 50 revolutions per minute. 

Not only is high speed the greatest 
enemy of tool life, but often it is ac- 
tually responsible for lower production 
by increasing the handling time. Many 
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examples can be cited where the floor- 
to-floor time was materially increased 
by trying to machine at some theoreti- 
cal speed. The increased time to start, 
reverse and stop the machine more 
than offset any reduction in machining 
time. 

During the war some remarkable 
things were done with specialized ap- 
plications of carbide to long-run jobs. 
The imaginations of many were greatly 
stimulated by these feats of production 
and there was a tendency to over- 
speculate on a great new era of fan- 
tastic machining practices. The jobs 
that received the most publicity be- 
cause of the excessive speed used may, 
for the most part, be classed as freak 
applications and a common-sense an- 
alysis would reveal that economy of 
production was often completely disre- 
garded because of the urgency for 
quantity production. 





Gating Systems for 
Metal Casting 


From “Gating Systems for Metal Casting” 
by W. H. Johnson and W. O. Baker, 
Naval Research Laboratory, presented at 
1948 American Foundrymen’s Association 
Annual Meeting. 

MANY OF THE GATING PRACTICES fol- 
lowed in the foundry are still matters 
of opinion, which can and do differ 
widely. More positive indication of 
the effects of gating systems needs to 
be obtained. Therefore, work was un- 
dertaken to observe the effects of 
gating systems on the flow of molten 
steel and the resulting turbulence. 

The program consisted of photo- 
graphing in slow motion the flow of 
molten steel when using top pouring 
and different designs of whirl gates, 
riser gates, finger gates, horn gates, 
and step gates. The variations in de- 
sign included changing the position 
of the sprue relative to the ingates, 
changing the size and number of in- 
gates, as in finger gates, and changing 
the angle of entry of the ingates. The 
effects of other variables such as the 
use of open and plugged sprue cups 
have also been studied. 

Observations made of top pouring, 
whirl gating and riser gating show 
that these gating systems produce con- 
siderable amount of turbulence, and 
that the amount of turbulence is 
smallest when using riser gates. 

In finger gating systems in which 
the area ratio of fingers to sprue is 
two to one, all the fingers do not feed 
uniformly. Most of the feeding is 
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accomplished by the fingers farthest 
from the sprue. On the surface of the 
metal in castings using this gating 
system, a swirling form of turbulence 
can be noted opposite the finger doing 
the most feeding. In finger gating sys- 
tems having an equal area ratio all of 
the fingers feed relatively uniformly 
and the turbulence produced changes 
to a rolling form throughout the length 
of the casting. 

When using horn gates, normal or 
reversed, those principles observed in 
finger gates, that is, that the fingers 
farthest from the sprue usually do the 
most feeding, are still in evidence. 
These horn gates farthest from the 
sprue do the most feeding. The sub- 
stitution of reversed horn gates for 
normal horn gates does not decrease 
turbulence to an appreciable extent. 

In the use of step gates, the lower 
steps should become inactive when the 
metal level rises to the next step. It 
has been observed that this may not 
be true when using the more conven- 
tional design of step gates. In some 
castings, metal feeds from upper steps 
before the metal level ever approached 
these steps; in other instances, the 
metal actually runs back into the upper 
steps when the metal level reaches 
them. 

The gating system that produced the 
least turbulence of those studied is a 
bottom side gate that consists of a 
trap placed in the gating system in 
advance of the casting. This decreases 
the velocity of the incoming metal 
and the metal enters more evenly. 
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Fig. 1—Duplex type magnet used for turning slabs. 





Electric Controller and Manufacting Company 
Concentrating flux in relatively small area increases the holding power. 
The load is released quickly by applying a small reverse current to the magnet coils to neutralize the residual magnetism. 


Operating Characteristics 
of Industrial Solenoids-I] 


CHARLES R. UNDERHILL 


Consulting Engineer 


SOLENOIDS have definite mechanical 
force and energy characteristics (July 
1948 PRropucT ENGINEERING page 
86). Additional significant properties 
of solenoids include portative charac- 


teristics, effects of momentum on 
plungers; methods for obtaining de- 
layed action; influence of frames and 
plungers, and the heating of coils. 
PORTATIVE SOLENOIDS 
The ferromagnetic stop of a d-c 


plunger electromagnet not only im- 
proves its tractive properties but also 
its portative ability for holding mag- 
netic material. 

All d-c plunger electromagnets tend 
to retain some magnetism when their 
ferromagnetic circuits are entirely 
closed by the plunger contacting the 
stop after the load has been picked 
up and the current discontinued. Both 
the plunger and the stop thereafter 
tend to act as permanent magnets to 
hold the load in its final position, 
through “‘sticking.” 

Whereas the tractive pull between 
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a plunger and a stop with an air gap 
between them is increased in propor- 
tion to the increase in the cross sec- 
tion of the air gap, the portative pull 
between the plunger and the stop when 
in magnetic contact is increased by re- 
ducing the area of contact. This is 
because the holding force is directly 
proportional to the ratio of the square 
of the magnitude of the magnetic flux 
to the area of magnetic contact. Thus 
a 62 in. circular lifting magnet will 
support a 10 ton skull cracker ball 
with a relatively small area of contact 
between the magnet and the ball. As 
shown by the typical use in Fig. 1, 
circular magnets are useful in in- 
dustry. 

To release the load of a d-c solenoid 
that is held by residual magnetism, a 
small reverse current bucks out the 
residual magnetism in the plunger 
and stop. This method is regularly 
used to cause lifting magnets to drop 
their loads and magnetic clutches to 
release their grips. 

Solenoids in magnetic switches, for 
example, often must hold the contacts 
in the final closed position after the 
plunger has completed its stroke. A 


relatively strong current generally 1s 
required for a short time to start and 
move the load. But the coils can be 
small without becoming overheated 
since only a weak current or no cur- 
rent at all is required to hold the load 
during the long intervals of time be- 
tween strokes. 

In one type of magnetic switch 
solenoid the plunger is permitted to 
contact with the stop, both of which 
have portative properties. The stop 
is a permanent magnet in another 
type. The current in the coil is dis- 
continued after each magnetic contact 
and the load held in the closed post- 
tion by residual magnetism. A de- 
magnetizing current is applied mo- 
mentarily to release the load. 

But often it is simpler and faster 
to limit the effects of residual mag: 
netism in d-c solenoids by preventing 
the complete closure of the magnetic 
circuit and holding the load with 3 
weak current. Common designs us 
a non-magnetic spacer on the end 0! 
the plunger or the stop, or in each 
side of the frame; to keep the mag: 
netic circuit from entirely closing; % 
reduce the cross section of the frame 
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Fig. 2—Spring between plunger and clevis 
helps a-c solenoid accelerate its load. 


Then as the plunger approaches its 
stop, an auxiliary switch inserts a re- 
sistor in series with the coil that re- 
duces the current to a holding value. 

Sometimes the, coil is made in two 
sections, one for producing a strong 
tractive pull and the other for holding. 
As the plunger completes its stroke, 
a switch automatically disconnects the 
tractive coil and switches in the second 
low-current coil for the portative or 
sealing pull. 

In a-c solenoids, when the plunger 
contacts the stop the current is reduced 
so much that there is little danger of 
the coil overheating if left in the cir- 
cuit. But unless a shading ring is 
used to form the equivalent of a two- 
phase magnet to hold the load, there 
is much chattering and vibration be- 
tween the plunger and stop. For a 
good holding pull with quiet opera- 
tion, the coacting surfaces of the 
plunger and the stop should be ac- 
curately faced and kept free from 
dirt. Three-point contacts between 
plungers and stops sometimes are used. 


UsING MOMENTUM 


Sometimes plungers are designed to 
travel freely through small distances 
to gather momentum and impart a 
slight hammer blow to (1) help ac- 
celerate a load, (2) overcome starting 
friction, or to (3) unseat a valve. 
Similarly, sometimes the plunger of 
an a-c solenoid uses a helical spring 
between the plunger and its clevis, as 
shown in Fig. 2, to help accelerate the 
plunver during a quarter-cycle. 

The pounding of the plunger of 
an a-c solenoid against a stop at double 


Fig. 3—Schematic of synchronous electric hammer. Electronic tubes rectify the cur- 
rent and alternately energize one solenoid and then the other. 


the frequency of the current is anal- 
ogous to that of an air-operated ham- 
mer with its accompanying noise. The 
effect is used in exaggerated form in 
short-stroke electromagnetic hammers. 
In one type, used as a vibrator on 
sanding machines and sieves, and for 
drilling such materials as concrete and 
brick, two separate solenoids in a com- 
mon frame coact with a single plunger, 
as shown in Fig. 3. Two rectifiers, 
one in series with each solenoid, cause 
the plunger to be pulled to and fro 
alternately with each succeeding alter- 
nation of the current. The oscillatory 
mechanical system is tuned to the 
frequency of the current by a spring. 

In one form of single-coil reversing 
solenoid, when the coil is deenrgized 
gravity pulls down a mass attached to 
the plunger, which operates a switch 
to operate the solenoid in the reverse 
direction. A similar type uses two 
coils and a single plunger with the 
necessary switching means. 

In another application, the single 
coil of a d-c reversing solenoid was 
inclosed in an iron pot. The hollow 
plunger was 3 in. OD with Z in thick 
wall and was 15 in. long. Grooves 
were turned in the outer surface of 
the plunger to receive two adjacent 
oppositely-wound helices of wire as 
shown in Fig. 4. The solenoid de- 
veloped a 40 Ib pull with a 6 in. stroke 
on 500 to 600 watts. 

The effects of momentum of the 
plunger can be utilized for obtaining 
long strokes as well as for producing 
hammer blows. A counter whose 
lever required a movement much 
longer than the stroke of its actuating 
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solenoid, for example, was operated 
by accelerating downward a smail 
freely-moving mass. The plunger was 
normally held upward by a helical 
spring, but when accelerated by the 
solenoid the kinetic energy of the 
plunger did the work of moving the 
lever through the required distance. 


QuICcK-ACTING SOLENOIDS 


Quick-acting d-c solenoids require 
a higher voltage per turn (more volt- 
amperes per ampere turn) for a given 
coil than do slow-acting solenoids of 
similar design and dimensions. Thus 
the voltage can be increased or the 
number of turns decreased when faster 
action is required. 

A d-c drop hammer designed for 
bench use comprised a quick-acting 
solenoid with a single plunger. As 
the plunger was accelerated upward 
the coil circuit was opened; but mo- 
mentum of the plunger carried it 
through the upper end of the coil to 
a position suitable for a strong down- 
ward pull, when the current was again 
switched on. The downward accelerat- 
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Fig. 4—Reversible solenoid uses two op- 
posing coils wound on hollow plunger. 
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Fig. 5—D-c current-time relay is retarded 
by effect of induced current in the alumi- 
num tube as it falls. 
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Fig. 6—The first part of the current-time 
curve of a d-c solenoid tends to be linear. 


ing force plus the weight of the 
plunger combined to produce a hard 
hammer blow. 

In contrast with this type of action, 
an early form of electric hammer used 
a series of abutting d-c solenoids with 
a commutator and a single plunger 
gave a long stroke and a hard blow. 

Quick and powerful accelerations 
can be obtained through electromag- 
netic repulsion. The action is the same 
as that 1n a short circuited transformer 
secondary, which sometimes produces 
tremendous mechanical forces. In 
principle, if an a-c coil is mounted 
rigidly on a stationary laminated core 
and a freely-moving hollow cylinder 
of copper is placed adjacent to and 
coaxially with it, when the current 
flows in the coil the copper cylinder 
will be quickly hurled to the end of 
the laminated core. 

A similar effect is obtained with two 
d-c coils connected for mutual re- 


pulsion. Either of these methods will 
produce long strokes that can be ap- 
plied in various manners. 

In a d-c current-time relay for op- 
erating a motor starting contactor, for 
example, a freely sliding aluminum 
tubing is placed over the core-end of 
an ironclad electromagnet between it 
and the frame, like the voice coil in 
a loud speaker as shown in Fig. 5. 
When current flows, a transient sec- 
ondary current in the tubing repels 
the tube upward. After the induced 
current in the tubing has about died 
away, the tube begins to fall with its 
attached contacts but its motion in- 
duces a current in it that retards its 
motion. 

The customary time constant does 
not hold for a d-c solenoid or plunger 
electromagnet. This is because the 
current-time relationship may be sub- 
stantially linear over a large portion 
of the first part of the curve. This is 
caused by the changing permeability 
of the stationary plunger and stop 
before the plunger moves. When the 
plunger starts moving into the coil 
it generates a counter-emf in the coil. 
This increasingly reduces the current 
strength because of the increasing self 
inductance until the plunger strikes 
the stop, as shown in Fig. 6. After 
the plunger stops, the current strength 
rises to its Ohm’s-law value as time 
elapses. The self-inductance of a 
solenoid always is increased by mov- 
ing the plunger further within the 
coil, thereby increasing the linkage 
of current and flux. But with a sta- 
tionary plunger, the self-inductance in- 
creases with the current strength until 
the plunger becomes saturated, after 
which the self-inductance decreases 
with increasing current strength. Mean 
values of self-inductance are used in 
connection with a-c solenoids. De- 
layed action can be obtained by an oil 
pot, dash pot, or bellows as shown 
in Fig. 7. The plunger may or may 
not compress a spring between it and 
the timing device. 

FRAMES AND PLUNGERS 

The frame or jacket of an iron-clad 
solenoid has little effect upon the coil- 
and-plunger pull, except to increase 
the pull slightly at the entering end 
of the coil as though the plunger was 
longer than the coil. But the frame 
does increase the air-gap pull as the 
plunger approaches its final position 
near the frame or a stop. The smaller 
the reluctance of the magnetic circuit 
in series with a short air gap in plunger 
electromagnets, the greater is the air- 
gap pull until the plunger becomes 
saturated. 

Frames also strengthen the struc- 


ture mechanically and aid in mounting 
solenoids in machines and devices, 
Sometimes the frame for the solenoid 
is an integral part of the device it 
operates. When the frame is in the 
form of a pot, the construction me- 
chanically protects the coils. If filled 
with a suitable compound, electrical 
insulation is increased and the coils 
are safeguarded from high humidity, 
corrosive gas, and other enviromental 
hazards. 

When the space is limited or the 
average time the solenoid remains in 
circuit is relatively high, the frame 
usually is made of the best practicable 
material. The frame is designed for 
the minimum reluctance, except for 
that part of the circuit that prevents 
sticking. The frames of such a-c 
solenoids should be laminated. But 
solenoids designed for brief intermit- 
tent service can use cast iron frames 
or no frames, since the number of 
ampere turns in the coil can be large 
without overheating it. Plunger elec- 
tromagnets like that shown in Fig. 8 
require no frame. 

A plunger should travel freely in 
or on its guide with only enough side 
play to let dirt fall out. Although 
used extensively, U-shaped frames 
tend to cause friction and wear on the 
plunger and its guide. This is be- 
cause the side pull is greater on the 
closed side of the frame. 

In some magnetic valves, for 
example, impact-type plungers. slide 
freely on the valve stem as a guide 
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Fig. 7—Solenoid relay operates with ume 
delay, depending on rate of escape of aif 
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The hammer blow at the end of the 
stroke causing easy and 1 dsitive open- 
ing of the valve with less current. In- 
ternal plungers in valves are usually of 
stainless steel. 

Plunger guides, whether external 
or internal, should be made of non- 
magnetic material that resists wear and 
be designed to discourage the forma- 
tion of secondary currents. Closed 
brass tubes, for example, act like 
closed secondaries of transformers. 

For equal cross section, a solid 
plunger of a given ferromagnetic mate- 
rial will produce the maximum static 
pull with a given number of ampere 
turns in a coil. Secondary currents in 
plungers and stops of fixed dimen- 
sions can be reduced only at the ex- 
pense of the thickness and amount of 
ferromagnetic material therein, as in 
the cores of transformers. 

Burrs developed on laminations in 
shearing and punching operations tend 
to produce undesirable secondary cir- 
cuits. Despite this, laminations should 
be firmly riveted together to form a 
rigid mechanical construction. 


HEATING 


The heating of solenoids designed 
for continuous duty often is a major 
problem. Permissible space for the 
coil, the various kinds and amounts 
of its internal and external insulation, 
and the fact that all losses affect the 
design of the coil, are contributing 
factors. In many designs, insufficient 
space is allowed for the coil and satis- 
factory operation is impracticable. 

Since the current in constant volt- 
age a-c solenoids is much greater when 
the air gap is wide open than when it 
is closed, coils may become overheated 
if the plunger does not complete its 
stroke. 

With the plunger against the stop, 
ac solenoids have additional heat 
losses that do not occur in d-c sole- 
noids. In a-c solenoids, magnetic hys- 
teresis and secondary currents heat 
the plungers and stops; also induced 
currents in parasitic circuits cause heat- 
ing. Heating of the iron in any a-c 
solenoid increases the resistivity and 
thus reduces the eddy current loss. 
Heat has little effect on large a-c so- 
lenoid coils, but the effect becomes 
greater as the size of the solenoid de- 
creases for the same voltage. In small 
a-c solenoids, most of the heat loss 
is caused by the resistance of the coil, 
Just as in d-c solenoids. In d-c so- 
lenoids a portion of the heat flows 


from the coil to the metal parts, 

but in heavy duty a-c solenoids the 

heat flow often is from metal to coil. 
I 


3ased on the laws of heating and 


Cooling of d-c coils wound with W 


Pro; I 





Typical Applications 


— ane _ 
Short Stroke 


Heavy Duty | 


Light Duty Safety devices 
Automatic door openers 
Voltage regulators 
Servomechanisms 
changes in 
pressure, etc. 


types 


trains 
Signal mechanisms 


Quick Acting 


Slow Acting 
solenoids 


Cushioned 
sary 





Brakes for crane and mill motors 


controlled by 
temperature, 


Stops for such things as engines and 
Starting switches for airplanes 


Timing devices, such as used in motor control. All long-stroke d-c 


Table I—Typical Uses for Tractive Type Solenoids 


| Long Stroke 
} 


and oil SW itches 


| Electric track, 


Electric gear shifts 
Valves for air, gas, liquid, steam, 
vapor, continuous duty types 
Whistles—tre-alarm, steam- 
light,} ship, and wherein the solenoid 
| compresses the air 


fog, 


Air brakes for operating all brakes! Coin-operated turnstiles 
simultaneously, continuous duty} Counting, calculating, and other 


ratchet mechansims 
Remote control switches 
| For operating trimmer saws in saw- 
mills 
| 
{ 


Electric hammers. All a-c solenoids and short stroke d-c solenoids 





Certain d-c solenoid brakes; and where a strong holding pull is not neces- 





pounds of copper in the insulated wire 
wherein the initial time-rate of heat- 
ing @ro/dt is 1C per min for each 3 
watts per pound of copper, the power 
P in watts is 

pa saree 
di 

After a coil is energized long 
enough to attain thermal equilibrium, 
the heating and cooling rates are equal 
and the temperature remains constant. 

With constant heating-power input, 
the temperature of a coil rises from 
ambient temperature to 99.9 percent 
of a safe maximum temperature dur- 
ing 10 times the time interval required 
for the temperature of the coil to at- 
tain one-half of its safe maximum 
temperature. Conversely, after dis- 
connecting the current, a hot coil cools 
to within 0.1 percent of ambient tem- 
perature during 10 times the time in- 
terval required for it to drop to one- 
half of its former temperature rise. 

The safe initial time-rate of heating 
dT./dt of a d-c coil can be deter- 
mined from the time ¢ min required 
for it to cool to one-half of its safe 
maximum temperature rise T. Coil 
temperature can be measured by the 
resistance of the coil. 

When the energized solenoid in its 
operating position attains constant 
temperature, power is disconnected and 
the resistance of the coil is meas- 
ured immediately. Successive resist- 
ance measurements are made until the 
coil temperature has dropped to one- 
half of its former rise; and the time ¢ 
min required for this drop is deter- 
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mined. Then the temperature change 
in degrees per minute is: 
dT» = (0.72 7 (2 
dt t 


Where P is the safe power input to the 


2.16 We (3) 


coil in watts P = 


If a coil contains 5 lb of copper; 
maximum safe temperature rise is 50 
C, and ¢ is 50 min; the safe power 
input to the coil is 10.8 watts. If the 
cooling surface of the coil is 21.6 sq 
in. the safe power input is 0.5 watt 
per sq in. 

Experience shows that about 0.5 to 
1 watt per sq in. of superficial cooling 
surface is satisfactory. The radiating 
area can be considered as the outer 
cylindrical surface alone, or that sur- 
face plus one end surface. 
































Fig. 8—Horseshoe plunger electromagnets 
require no frame. 
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The dimensions of the bands and * 
the cams are exaggerated for 
purposes of demonstration 


Fig. 1—Contour cams may be used to mechanize functions or 
obtain the inverse of the function. Cams rotate without sliding. 


High Accuracy 


R. O. YAVNE 
Research Physicist 
The Franklin Institute Laboratories 
for Research and Development 


A CONTOUR or tape-wheel cam is a 
logarithmic spiral shape. Pairs of con- 
tour cams rotate without sliding; a con- 
dition of pure rolling. Recently they 
have been used in computing and con- 
trol equipment. In these, they have 
been applied for certain computing 
problems requiring great accuracy. 

Unlike other cam and follower com- 
binations, contour cams are reversible; 
hence when one function is mechan- 
ized, its inverse may be obtained. Al- 
though contour cams are difficult to 
make and can not be used for non- 
monotonic functions, their use is justi- 
fied by their distinct advantages. 


THEORY OF CONTOUR CAMS 


In contour cams, both the radius 
and the length of the periphery are 
important; in the usual cam only the 
cee is important. 

The condition of rolling without 
sliding requires that the contact point 
of the two cams lie on the line con- 
necting the centers of the cams (see 
Fig. 1). Otherwise, the cams 
lock. 

Let x be the radius vector to the 
point of contact of one cam, and y be 


will 
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Illustrating a Point of Inflection on the Contour of 
aCam. At Such a Point Hotson es - 
a 








the radius vector to the point of con- 
tact of the other cam. 


cty=k (1) 
where & is a constant. 


In pure rolling, the angular rota- 
tion, B, of one cam is a function of 
the angular rotation, a, of the other, 
and the ratio of the angular displace- 
ments of the two cams is inversely 
proportional to the ratio of their radius 


vectors to the point of contact. 
That is, 
B F (a (2 
dB x é 
- = 4) 
ia 


Solving Eqs (1) and (3) simul- 
taneously for x and y, making use of 
the fact that the left-hand member of 
Eq (3) is identical to d@/da—F’ (2) 


re “poy $) 
i ee 
i@ 
k k : 
~ 1+ dB - l = F'(a - 
1@ 
Sometimes it is desirable to con- 


struct a pair of cams in which a multi- 
ple of a is a function of a multiple of 
B. To derive the formulas for this 
more general case, assume 

a p 


S=—,R= 6) 


Pl P2 


Fig. 2—Equation for point of inflection on contour cam. Cam 
must be convex if operated by tapes, to follow cam contours. 


Contour Cams 


where p, and p, are constants that can 
be selected to suit the convenience of 
the designer. Eliminating S$ and R 
from Eq (6) and solving for dB/dz, 


dB —_ ™ 
= FS 


da Pi 
and that Eq (2) is replaced by 

R = F(S), S = ¥(R), F’(S)t=2F yk 
Combining Eq (7) with Eqs (4) and 
(5), the radius vectors of the cams 
can be expressed as 


kpoF'(S P 
pi t+ pak '(S 
_ kpy = Rp, 
pi t+ pok'(S pi + pk’ [y(R 
Nonmonotic functions cannot be 


mechanized by contour cams_ since, 
while the two cams are rotating, 
neither can change its direction of r10- 
tation unless the other changes its di- 
rection. Furthermore, when 
cams are operated by tapes, the con- 
tours of the cams must be convex 
Obviously the tapes would not follow 
the contours if the contours of the 
cams were concave. 

With certain values of the param 
eters p; and p,, the periphery will 
change from convex to concave, and tt 
may be necessary to find the point ot 
inflection. It can be shown that a nec- 
essary condition for a point of 11 flec- 
tion on the contour of a cam is 


contoul 


I 
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Oz db, 

a = ie dp 

hese equations,,together with those 
for tan 6, and tan @,, enable one to 
determine the point or points of in- 
flection. Since x and y are functions 
of z and p,, 8 and po respectively, the 
expressions 

oo and a0y = | 
are functions of the 
respectively. 

By varying the parameters p, and 
p>, one can either eliminate the point 
of inflection or move it to a part of 
the cam that is not used. 


= | 


(See Fig. 2.) 


same_ variables 


LOCATION OF CAM CUTTER 


To make a contour cam, the center 
of the cam cutter must be located at 
the proper point (see Fig. 3). Using 
the notation indicated 


dx 
tan 0, = — (@ in radians (10-a 
x da 
u x cos a* + 7 cos (a* -- 6,), 
(11 
= x sin a* rsin (a* — 6, 
where u and Y represent the coor- 


dinates of the center of the cutter for 
the given conditions g and x. Since 
the cams being considered here are to 
be used in pairs and operated by tapes, 
it is desirable to cut from each cam 
half the thickness of the tapes. If r, 
represents the thickness of the tape, 
the formulas for the center of the 
cutter should be altered as follows: 


r) 
u = xcos a* + (: mae ) cos (a* — 83) 


{ 12-a) 


i r) ‘ . 
= zsina* + (-- : ) sin (a* — 6,;) 


The corresponding equations for the 
companion cam are: 
dy 


tan 6, = ~ 
, yap 


(8 is in radians) 


(10-b) 


* Measured from u axis 


u; = y cos B* + (: + ) cos (8* — Oy) 


r) 
% mv Si a = = ! 5 ie \ 
%) = y sin Bp" 4 (° *) sin (8 Oy) 


(12-b) 

The companion cam, in Fig. 3, is 
altered as follows: x is replaced by y, 
x” by 

B*, 62 by 0, and (u,z,) by (u, 
AN APPLICATION OF THE THEORY 

The theory is applied now to the 
computations involved in solving the 
following equation for ): 


15 4 1 — 0.00018%)2-8 
Expressing the equation first in log- 
arithmic form, 

log (1.5 + y) = log x — 2 log z + log 
1 — 0.000182) 2 (13 

In solving the converted equation, 
the outputs of three pairs of cams are 
added by means of differentials, and 
the result is converted to y by means 
of another pair of contour cams. (See 
Fig. 4.) The four pairs of cams 
shown in the sketch perform the fol- 
lowing operations, which illustrate 
various applications of the contour 
cam: 


CasE I: Two pairs convert x and z 
into log x and log z respectively. 


CasE II: One pair converts ¢ into 
log (1 — 0.00018) ?-*°. 


CasE III: The last pair converts log 
(1.5 + y) into . 

In using this method, it is desirable 
that the cams rotate as much as pos- 
sible, to minimize the errors in lost 
motion. Therefore it is necessary to 
step up the shaft rotations so that the 
cam rotations will be around 270 deg. 
The assumed specifications are: 


1. Limits Shaft Motion 
05<x<2.0 40 deg for one unit of x 
counterclockwise 
0.1<y<2.0 40 deg for one unit of y 


clockwise 

10 deg for 100 units of ¢ 
clockwise 

40 deg for one unit of z 
counterclockwise 


— 100<t< +1000 


Max. and min. val 
ues of z determin- 
ed by x, y and t 


? 


2. The shaft rotations of the input 
variables x, z and ¢ are linear with re- 
spect to the variables themselves. 


3. The total clearance to allow space 
for the flexible tape is 0.0025 in. 
Cutter radius is 0.0625 in., Le., 7, 
0.0025 in., r — 0.0625 in., and r 

v, z 0.06125. 


i. The distance between the centers 
of each pair of cams is 1.5 in. For 
the sake of simplicity, 2 will always 
represent the input cam, and £ will 
represent the output cam. Cam con- 
tours should extend beyond limits to 
be usable through desired portion. 


It has been noted that three types 
of contour cams are needed in the 
mechanization of Eq (13). The dis- 
cussion of these cases follows. 


CasE I. R FCS) = ee 3; 3 = 
10", where 
R p and S = ~- 
pe P1 


In this case, 


log « 
F'(S) = = log e. 
a 


Eqs (8) and (9) now become 


15 peo log 4 
> = 


at pr log ¢ 


where & == 1.5 
1.5 (10 B/ pe) ») 
‘ay ,= (14 
y p log ¢ 10 8/ py (. Pi 


Using these equations, it is possible to 








Origin of Rectangular Coordinate 
Sustem is at Center of Cam 





— 








Fig 3—Coordinate system used in deriv- 
ing equation for contour cam cutter path. 
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Schematic Diagram of Computer 


Log(!.5+¥) 






3.5(1+Y) 





Output 








Fig. 4—Schematic diagram showing four pairs of contour cams arranged to solve a 


particular equation. 
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determine x and y for equal intervals 
of their respective angles. 

It is of equal interest to determine 
the location of the cutter. For this 
case 6,, 0,, 4, Vv, 4,, and v, can be 
computed from the equations: 


— 57.296 P 
tan 6, = , (aw in degrees) (15) 
at pe log é 
57.296 mei 
tan 6, = 3 ,(8 in degrees) 
pi + po + p log .) 
“= xX COS a* T 0.06125 cos (a™ _ 6,) 
x sin a* + 0.06125 sin (a* — 4, 
Uy cos B* + 0.06125 cos (8* — Ay) (16) 
sin 8* + 0.06125 sin (8* — @y 


These formulas apply to two pairs of 
cams used to mechanize the problems 
at hand. 


1. The pair of cams converting x to 


log x. For this pair of cams, 
. a 
os = x 
P1 
R s log x 
pr 
x is linear with respect to shaft rota- 


tion and increases -+-1 unit for each 40 
deg counterclockwise shaft rotation. 
The shaft rotation was increased by a 
factor of 4 (see Fig. 4). Therefore, 
for the pair of cams, x to log x, p, = 
160 degrees per unit of x and the total 
rotation of the input cam was 240 
degrees. When p, was chosen to be 
400 degrees per unit of log x, the 
total rotation of the output cam was 
240.82 degrees. 

Using these values of p,, and p, 
together with Eqs (14), (15) and 
(16), tables giving location of the 
center of cutter can be computed. 
(Choose a* = 0 when a/p; = 0.5, and 
8° — 0 when B ‘eg log 0:5.) 

2. The pair of cams converting z to 


log z. For this pair of cams, 
© Qa 
Pl : 
R = —"— = log: 
pe 


In a similar way, the pair of cams z to 
log z can be determined. 
The maximum and minimum values 


of z are determined by the formula 
2 \, Z - where 
f(t) = (1 — 0.000182)? = (1 — 
0.0004237 +- 0.0000000514) (17) 
Scns me 11417 
Smin = 0.29935 


The quantity z is linear with respect 
to shaft rotation and increases 1 unit 
for each 40 deg of (counterclockwise) 
shaft rotation. When the shaft rota- 
tion is increased by a factor of 8, p, 
= 320 degrees per unit of z, and the 
total rotation of the input cam is 
269.56 degrees. When py» is chosen to 
be 400 degrees per unit in log z, the 
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total rotation of the output cam is 
232.55 degrees. 
Note that the multiplication of log z 
by 2 is accomplished through the dif- 
ferential unit. 
Using the above values of p, and pp 
together with Eqs. (14), (15) and 
(16), tables giving location of the 
center of cutter can be computed. 
(Choose a0 when 2/p,—0.29935, 
and ,° 0 when B/p, = log 
0.29935.) 
Case Il. R = F(S5) - 
5 = © pi — rR 
log f(t), 
-R} 

1— 1025 = §; f(t) is given by Eq (17). 

0.00018 4 
In this case, Eqs (8), (9), (10-a) 
and (10-b) can be written as 


= ss a 
1.5 pj ( -) log é 
= PL _ 
= a y £ 
py loge —f - 
Pl Pl 


— log f(s), 
= B Pp» = 


1.5'p9 log é 
2364.07 pi + pe log e — 0.42553a 
__8 
1510 2%, 
y= = 
— 8 
10 2.35 Py oe 0.000423 p log é 
+ 57.296 * 0.00018 
tan 0; = 


pl [ » X 0.000423 loge +1 —-— 


0.00018 ( =) ] 
Pl 


and tan #y = 
— 57.296 & 0.00018 ~~ 


8 
p1 | 10 2-352 + » X 0.000423 log | 


The coordinates of the center of the 
cutter, (#, v) and (w,, v,), can be 
computed by using Eq (16). 

For the problem under considera- 
tion, ¢ is linear with respect to shaft 
rotation, and increases 100 units for 
each 10 deg (clockwise) of shaft ro- 
tation. When the shaft rotation is 
increased by a factor of 2, p, = 0.2 
degrees per unit of f, and the total 
rotation of the input cam is 220 de- 
grees. When ps is chosen to be 800 
deg. per unit of log f(t), total 
rotation of output cam is 176.61 deg. 
(Choose a” = a, and B* = B) 


CASE III. 
R = FS) «= 10°. S = — 
Pl 


log (1.5 4. »)) 


a 
| 
ll 


1.5 + 35 


1ls+y= 10!29(1-5+y) 
In this case, equations (8), 
(10-a), and (10-b) can be 


Coys 
written 


_ 15 xX px *, 


p 10 rs 


log ¢ + 


Propuc! 


- 1.5 X p; log e¢ 
pi loge + Bp 


37.296 
tan 6; = ~ 
= 
pi loge + pe X 10 % 
and 
— 57,296 
tan 6, = 


p2 log et Bp 

Observe that Case III is the inverse of 
Case I. In general the contour cam can 
be used both ways; that is, the input 
and the output can be interchanged to 
solve for the inverse function. Thus, if 
the function y = log x is mechanized, 
we also have, by interchanging the 
input and output, the inverse function 
j= we. 

The coordinates of the center of the 
cutter, (“, v) and (z,, v,), can be 
computed by using formula (16). 

In the mechanization of the prob- 
lem at hand, 1.5 + y is linear with 
respect to shaft rotation, and increases 
one unit for each 40 deg of (clock- 
wise) shaft rotation. When the shaft 
rotation is increased by a factor of 
3.5, po is equal to 140 degrees per 
unit in y, and the total rotation of the 
output cam is 266 degrees. 

When p, is chosen to be 800 degrees 
per unit in log (1.5 + jy), the total 


rotation of the input cam is 271.96 
degrees. (Choose 2* = O where 
a/p, — log 1.6, and p* 0 where 
B pe ne L.6;,) 


Since each of the units of the mech- 
anization described here is revers- 
ible, the system is flexible to the ex- 
tent that any one of the four variables 
can be obtained as an output by mak- 
ing the other three the inputs. 


CONCLUSIONS 


There is an admitted difficulty in 
designing and cutting contour cams; 
but their use for computations may be 
justified by the superior accuracy that 
is possible. 

Friction problems are not critical 
in contour cams since the cam shafts 
may rotate in ball bearings. It ap- 
pears that a combination of many paits 
of contour cams in a more compli- 
cated computing problem would still 
yield satisfactory results, with little 
cumulative lost motion or other ad- 
verse effects. 

In the problem solved here, addi- 
tion and subtraction are accomplished 
by the use of differentials; multiplica- 
tion and division are performed by 
means of addition and subtraction, 
using a logarithmic scale on contout 
cams. Although this type of cam 1s 
suitable only for limited types of func- 
tion, nonmonotonic functions being 
eliminated, it has the distinct advan- 
tages of being quite accurate, and ol 
being reversible. 
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FRANK McL. MALLETT 
Aeronautical Engineering Dept. 
The Ohio State University 


WHEN 


nents 


DESIGNING structural compo- 
for interchangeability the prod- 
uct engineer has to select a method 
of attachment for two mating com- 
ponents that will provide clearances 
smal! enough to satisfy the functional 
and structural requirements of the de- 
sign. The specified tolerances should 
Suit production requirements. Solu- 
tion of this design problem requires 
much ingenuity. A present hindrance 
to the application of such ingenuity 
lies in the lack of quantitative knowl- 
edge of the effect of clearance on the 
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FLAP COMPONENTS on a curtiss SB2C-5 


“Helldiver’” [ 


Factors to consider when selecting a method of attachment for 
interchangeable structural components. 
of tolerances encountered in modern component attachment de- 
signs. How adjustable attachments affect interchangeability. 


Classification of types 


strength of various kinds of attach- 
ments. Both analytical and experi- 


mental studies are often necessary. 


COMPONENT BREAKDOWN 


When designing for interchange- 
ability, the first step is to select the 


separate components of the particular 
model that are to be interchangeable. 
This selection of sub-assemblies de- 
pends upon customer service require- 


ments, the manufacturing methods 
and size of sub-contracting program. 


The manufacturing methods should 
be discussed with representatives from 


the production division so that the 


component breakdown gives an efh- 
cient sequence of manufacturing oper- 
ations. In addition, ease of manu- 
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Curtiss Wright Corporation 
S. Navy scout bomber of World War II vintage. 


Design of Structural Components 
for Interchangeability 


facture 


and the feasibility of toler- 


ances should be discussed. Tolerances 


are affected by both the size and type 


the components. 

To be really useful, the final com- 
ponent breakdown should include not 
only the components, but for 
should indicate in 
to be 


each 
manner it 1S 
For example, 


what 
interchangeable. 


the aileron in relation to its attach- 
ment to the wing, and to the attach- 


aileron of the tab. When 
designing a large component such as 
a fuselage, the amount of equipment 
such as wiring and plumbing that is 
to be installed in the complete com- 
ponent should be indicated. 


ment to the 


METHODS OF ATTACHMENT 


After it has been decided which 
assemblies are to be interchangeable 


components, the means of attachments 
of each component to other compo- 
nents in the completed — structure 
should be chosen. This is an im- 
portant phase of the work, which 








again includes the proper choice of 
tolerances. The means of attachment 
should be considered from _ three 
view points: Functional design, struc- 
tural design and production design. 

Functional design will indicate 
whether the attachment is to be mov- 
able, as an aileron to a wing; or not 
movable, as one section of a fuselage 
to another. In movable attachments, 
the type of motion also has to be de- 
termined. From this point the struc- 
tural design and production design 
should go forward concurrently. 
Those charged with the responsibility 
of the structural design should make 
sure that the attachment will be suff- 
ciently strong, but at the same time 
should not design fittings or other 
parts that will be expensive to fabri- 
cate. The general attachment design 
should contain parts that can be easily 
assembled. 

The choice of attachment methods 
for interchangeability depends upon 
the requisite that all parts produced 
within the specified limits are attach- 
able. There are two opposing con- 
siderations that often make it difficult 
to satisfy this condition, especially in 
airframe design. The following ex- 
ample illustrates this problem. 

Suppose that an aileron is attached 
to a wing panel by means of two 
clevis-type joints, shown schematically 
in Fig. 1. The distance between the 
clevises is D, the dimension of the 
gap in the fork of the attachment is 
G and the width of the tongue is W’. 
The tolerance on D is T, arranged 
bilaterally as shown. The tolerances 
on G and W are T’ and T”’, respec- 
tively, arranged unilaterally as shown. 
If 

P=G—_W 
is the least clearance, or play, then 
7=—P ee 


to be small, to avoid sideways shake. 
Production requirements call for T to 
be large, or at least not unreasonably 
small. Yet the derivation of Eq (1), 
which is based on having the largest 
T possible for interchangeability, 
shows that this largest T is equal to 
P, 

An immovable attachment presents 
the same problem. Suppose for ex- 
ample that two components are joined 
by two bolts. Let C be the nominal 
distance between hole centers in each 
of the two components. Let T be 
the tolerance on C, given bilaterally, 
and A be the allowance in the bolt 
hole fits, which is the difference be- 
tween the least hole diameter and the 
greatest bolt diameter. Fig. 2 illus- 
trates such a condition, in which the 
C dimension is at one limit in one 


part and at the other limit in the 
other, part. Once again, structural 


design will call for a small A, and 
production needs require a T that is 
large, and the following relationship 
exists: 


T=2A (1) 


and the designer is faced with a com- 
plex problem. 


CLASSIFICATION OF TOLERANCES 


Recent component attachment de 
signs have shown that the following 
classification of tolerances is useful: 
General Type A. The tolerances are 
large enough to allow tools to be built 
and parts to be made within the tol- 
erances given on the drawing. The 
tools for the one component can be 
made independently of the tools for 
the other. 


Type Al. The tolerances result from 
the clearances. 


an adjustable feature in the attach- 
ment. 


General Type B. The tolerances are 
not large enough for independent 
tooling; and physically matched tool 
ing is necessary. The tolerances apply 
to the ‘“‘standard’” nominal dimen- 
sions set by construction gages. 


Type Bi. Tolerances are large enough 
to be maintained by matched tooling, 
but not large enough for Type A. 


Type B2. Tolerances are not large 
enough to be held by matched tool- 
ing. In this type, a certain amount of 
forcing is necessary in assembly. 


Matched tooling can be explained 
as follows: When the tolerances on 
some large dimension such as D in 
Fig. 1 are too small to be acceptable, 
the tool designer specifies a_ tool 
known as a construction gage, or mas- 
ter gage, for each of the two mating 
components. These two gages repro- 
duce the essential features of the 
components, particularly the attach. 
ment points. They are built as close 
to the nominal dimensions as possible, 
but most important, they are physicall} 
matched to each other, regardless of 
how close they may or may not be to 
the drawing nominal. These dimen- 


sions on the construction gages are 
the standard nominals referred to 


previously. 

The fixtures used in making the 
components and the inspection 
used to check them; both of which 
contain the component, and therefore 
the construction gage, are adjusted in 
their _important dimensions  directl} 
from these construction gages, so that 
their dimensions can agree with each 
other. When the tolerances are large, 
this expensive extra tooling can be 


ages 












































Structural requirements call for P Type A2. The tolerances result from avoided. The fixture can be made, 
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Fig. 1.—Critical dimensions affecting play for typical clevis-type 
joints that are used for attaching an aileron to a wing panel. 
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non-adjustable 


Fig. 2—Effect of center distance—tolerance variations on tw 
components 


that are joined by two bolts 
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directly from a tool drawing, where 
the tolerance to be followed by the 
toolmaker can be, for example, one 
tenth the tolerance given to the com- 
ponent itself. This allows the other 
nine tenths for the variation of the 
component from the fixture. 

The solution for any design prob- 
lem of attaching an interchangeable 
component will be in one of these 
four types. Many examples of Types 
Bl and B2 have been found, but these 
types are obviously not desirable. 
Matched tooling is expensive and diffi- 
cult to control, especially when work 
is subcontracted. The forcing required 
in Type B2 is contrary to strict inter- 
changeability requirements, and also 
consumes time in the assembly de- 
partments. A designer who specifies 
an attachment design of Type B1 or 
B2 should redesign the attachment 
to be of General Type A. 

It must therefore be the aim of the 
structural and production designers, 
working together, to solve the prob- 
lem of choice of attachment means so 
that the type finally chosen is either 
Al or A2. If the inclusion of means 
of adjustment does not give too much 
added weight, Type A2 is usually the 
dest. It will usually provide a stronger 
joint than can be provided by mak- 
ing clearances larger, and at the same 
time will usually provide for larger 
tolerances than are possible with Type 
Al. Many conditions may arise where 
ingenious structural design will per- 
mit clearances that result in sufficiently 
large tolerances. Here, Type Al will 
usually prove to be less expensive and 
f lighter construction than A2. It 
depends upon the designer’s ingenuity. 

Having many advantages, the ad- 
justable attachment 


method some- 
‘mes has two disadvantages: expense 
ind weight. This emphasizes the 


roint made before, that research into 


the structural effect of clearances is 
needed, so that advantage can be taken 
of Type Al. 


AN EXAMPLE 


The choice of the means of adjust- 
ment in Type A2 attachments calls 
for experience and ingenuity on the 
part of the designer. The following 
example will serve to show what is 
meant, and to illustrate the remarks 
made above concerning the larger tol- 
erances made possible by adjustment. 

Suppose that the basic type of at- 
tachment, for functional reasons, is 
the use of two clevis joints, as in Fig. 
1. In Type Al, the tolerance T re- 
sults from the clearance P equals G 
minus W’, and From Eq (1), T equals 
P. Suppose that for structural rea- 
sons, P cannot be more than 0.030 in. 
Then the dimension D must be held 
to plus or minus 0.015 in. If D is 
large, this tolerance is unacceptable. 
Therefore, consider the result of in- 
cluding an adjustment feature in the 
attachment. Fig. 3 shows how one 
part of one of the clevises may be 
attached to its component by means 
of a slotted serrated pad. 

Let L denote the pitch of the serra- 
tion, as shown in Fig. 3. Let § denote 
the length of the slot, and D again 
represent the nominal locating dimen- 
sion as in Fig. 1. One of the clevises 
will be attached to the one component 
by means of the serrated plate as 
shown in Fig. 3. Dimension D will 
be measured as if the bolt hole were 
lined up with the center of the slot. 
Then half the slot length can be used 
to compensate for tolerance on D for 
each part, that is 


7 = 45 (3) 


and the D dimension will be written 
plus or minus 48 on each D, which 


should be ample. Thus, a slot length 
of 1 in. will result in a tolerance of 
plus or minus 0.25 in. on each D di- 
mension. Suppose for any particular 
component that does not carry the ad- 
justable feature and the actual value 
of D plus or minus 3S is D’. Thus D 
minus 4S is less than D, which is less 
than D plus 4S. Then the locating 
dimension D on the other component 
can be adjusted until it fails to equal 
D’ by at most 3Z, in either direction. 
The motion of adjustment is not con- 
tinuous, but discrete in steps on L. 

This condition is illustrated by Fig. 
4. Suppose the dimension is D’, plus 
47, then the attachment can be made 
with the surfaces A and B touching. 
Then 


D’'+4iL—G=D’'-—W 
or 
1L—G=W 
or 
L=2P (4) 


If the other extreme holds, and the 
dimension is D’ minus 3L, the assem- 
bly can be made with the surfaces 
C and E touching. 


Then 
D’—1L+G=D'+Ww 
or 
+1.==G tf 
or again 
L=2P 


Thus, in this example, with P equal 
to 0.030 in., L will be 0.060 in. The 
tolerance on D is related to slot length 
by (3) and the play and serration 
length are related by (4). The pre- 
ceding analysis not only shows how 
such an adjustable attachment design 
can be useful, but also shows quantita- 
tively how to design such an attach- 
ment, adaptable to many products. 
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vice in conjunction with the arrangement shown in Fig. 1. ment that includes the adjustable feature shown in Fig. 3. 
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Albi Chemical Corp 


PHOSPHATE resin aqueous emulsion paints have proved to be effective in retarding spread of fire through wood structures. 


Fire-Retardant Paints 


GEORGE BLACK 
HOWARD SANDERS 


FIRE-RETARDANT PAINTS are a special 
class of protective coatings designed 
to resist flashing or burning up to 
1800 F. As such, they differ from 
heat-resistant paints (described in the 
December 1947 number of PRODUCT 
ENGINEERING, p. 85), which are 
designed to protect surfaces at tempera 
tures up to 1000 F without sacrifice in 
film integrity. 

Interest in fire-retardant paints 
heightened during the war. The Navy 
Department, noting that more of their 
fighting ships were being destroyed by 
fire than by other forms of destruction, 
encouraged the study and develop- 
ment of better fire-retardant paints. 
Industry needs also grew during this 
period of high level activity. 

As a result, existing paints were 
improved and new ones developed, 
which, while failing of the ultimate 
goal of controlling major fires, do limit 
the spread of flames and often ex- 
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tinguish certain small fires altogether. 

Until a few years ago, performance 
standards for fire-retardant paints va- 
ried widely. 

Requirements for fire-retardant 
paints, applied io steel structures, were 
clearly outlined at a symposium held 
by the New York Paint and Varnish 
Club in 1943. These are: 

1. Paint should not ignite if a 
coated panel is exposed to an open 
ame on the opposite side. 


2. Paint fumes released should be 
nontoxic and non-flashing. 
3. Paint should adhere’ without 


flaking when coated panel is heated on 
opposite side. 

i. Paint performance should be sub: 
stantially the same whether an anti- 
corrosive primer is used or not. 

5. Paint film should be reasonably 
flexible and chip-proof. 

6. Paint should maintain film in- 
tegrity with repeated washing with 
salt-water soap and salt water (a direct 
reference to Naval service, which may 
be modified to suit the application. 

7. Paint should be noninflammable, 


Propuci 


as furnished and during application 
To these, two more recent require: 
ments can be added. 

8. Paint should exhibit a minimum 
of flaming when exposed to a direct 
flame and should not support combus:- 
tion when the direct flame is removed 

9. Paint should be so compoundec 
that when exposed to flame, resulting 
reaction helps extinguish flame. 

In addition, for wood, a fire-retard 
ant paint must act as an insulator t 
prevent charring and burning of t 
more combustible wood. Such _ paints 
usually contain various low melting 
point inorganic salts, which are él 
fective in fireproofing the wood fibres 

Existing paints satisfy some o! the 
requirements in several ways, depend 
ing on the materials used in them 

1. By not supporting combi stion 
(water glass and silicon ester paints) 

2. By melting at high temperature 
to form protective coatings that ¢ 


clude oxygen from the surfaces (paints 


containing magnesium sulphate, borax 
boric acid or sodium phosphate) 
3. By decomposing at high tempe! 
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atures, giving off gases that smother 
the flame (paints containing chlorine, 
ammonia, carbon dioxide or sulphur 


dioxide). 
COMPARED 


Fire retardant paints are: (1) Or- 
ganic solvent types and, (2) aqueous 
emulsion types, depending on the na- 
ture of the vehicle. Under these 
major types are silicate, zinc borate, 
chlorinated and borax paints, and a 
recent development, the phosphate 
resin paints. The latter has the addi- 
tional advantage of eliminating fire 
hazard during storage and application. 


FIRE-RETARDANT PAINTS 


ORGANIC SOLVENT TYPES vs WATER 
EMULSION TYPES 


Although the Navy fire-retardant 
finish is an alkyd resin in an organic 
solvent, the work of the New York 
Paint and Varnish Production Club 
indicates certain definite advantages for 
water emulsion types. Based on flame 
and flash tests conducted on steel pan- 
els, they found that emulsion paints 
adhere better during and after tests, 
flash less readily and appear more fire- 
retardant. 

The brushing characteristics, how- 
ever, of solvent type paints are better, 
as in their washability and resistance 
to rust-spotting. 


ORGANIC SOLVENT TYPE 
52P22a 


—NAvVYy 


Navy 


22a =, 


department specification 52P- 
Paint, Inside, White, Semi-gloss, 
Fire Retardant (Formula 27)”’ is based 
on the principle of fire-retardance re- 
sulting from high pigmentation. In 
Table I, the ingredients in formula 27 
are shown. 

In tests by the N. Y. Paint Club, 
Navy 52P22 type paint was used as 
the control standard. The results of 
these tests clearly show the compara- 
tive value of this paint. A separate 


Table I—Navy Fire Retardant Paint 
—Formula 27 





Ingredients lb per gal 


Titan 


series of tests was conducted to deter- 
mine what effect pigment volume had 
on fire retardance, and further, to see 
if fire-retardant action was a direct 
function of the pigment volume ratio 
alone, or if any of the five pigments 
required showed any advantage over 
the others. 

These test results showed that the 
best fire retardant finishes of the or- 
ganic-solvent type contain 60 percent 
or more of pigment by volume. At 
these pigment volumes, none of the 
single pigment paints caught fire in 
the flash test, although at lower pig- 
ment volumes, definite advantages in 
the use of antimony oxide were dem- 
onstrated. Based on film properties 
after testing, the pigments appear in 
the following order of preference: 
magnesium silicate, titanium dioxide, 
titanium calcium pigment, zinc oxide, 
and antimony oxide. 


WATER-EMULSION PAINTS 


In compounding fire-retardant water 
emulsion paints, ammonia gas, fatty 
acids, or triethanolamine may be used 
as emulsifying agents. Possible stabil- 
izing agents are methylcellulose, casein 
or alginate. Methylcellulose shows 
slightly improved washability and 
brushability over casein, and well- 
stabilized emulsion paints show excel- 
lent resistance to cleaning with ordi- 
nary soap solutions, although they are 
attacked by the very strongly alkaline 
compounds. 

In contrast to the 60 percent pig- 
ment volume required by organic sol- 
vent type paints, water emulsion paints 
show good fire-retardant properties at 
pigment volumes of 48 percent. In 
Table II a typical formulation is 
shown. 

A series of tests were run to find 
methods of overcoming the tendency 
of water emulsion paints to permit 
rust-spotting. Anti-rust agents for use 
with these paints must meet rigid re- 


quirements. In addition to low cost, 
the agent should not discolor white 


paints, form an iron compound with 
strong tinting power or affect the 
stability of the emulsion. In addition, 
it should not affect washability or color 
retention of the dried film adversely, 
and should not be toxic in the concen- 


um-dioxide . 2.50 tration required. 
Titanium-calcium pigment 2.35 Best results were obtained with 1 
Zine~ xide . ere ty 1.70 sercent : ~itrat lus 1 
Tecan. 0.90 percen ammonium citrate plus per- 
Antimony oxide. ....... 1.00 cent sodium nitrate. 
\luminum-stearate..... 0.085 
Meth yl-violet-toner (paste 0.002 CHLORINATED COATINGS 
Alky resinfsolution...... 2.29 ; ; me 
juan | re 2.81 During the war, chlorine containing 
Can, ——— re eeu : a compounds were used for fire-resistant 
dal naphnthenate dmrier...... ce Pt ¢ ‘ P . 
ite wale ail laain ins 0 005 fabrics. A liquid chlorinated paraffin 
eg containing 42-43 percent chlorine and 
I ement volume. .60.5-64.5 percent : ; : 
______ suitable pigments was formulated into 
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Table II—Typical Water Emulsion 
Paint 
Ingredient Percent 
Titanium dioxide...... 25.25 
Antimony oxide........ 6.05 
Oe ee eee 21.15 
Protovac No. 8979.. 90 
Carbic C—9 linseed ve ehicle 8.15 
Ammonium alginate....... 07 
Linseed fatty acids.......... 16 
Ammonium hy droxide. . i 26 
Sodium salt-orthophenylphenol 01 
Sodium salt- — ; 01 
Percent cobalt lineolate. . os _.09 
MCS Sas ceaGeaue as 37.90 
100.00 





a paint used for canvas duck and other 
cloth. Although an open flame can 
damage the cloth easily, once the flame 
is removed the fire is extinguished 
promptly. A similar formulation is 
widely used today in fire-retardant 
paints for wood structures. Applied 
to roofs, it reduces the hazard from 
flying sparks and other burning ma- 
terials. 

Vapors given off during disintegra- 
tion of chlorinated organic compounds 
contain substantial amount of hydro- 
chloric acid in vapor form that helps 
extinguish the flame. In Table III, 
typical composition for a chlorinated 
paint is shown. 

Early chlorinated coatings gave off 
toxic fumes at high temperatures. Re- 
cent studies, however, have led to the 
discovery of new chlorinated film- 
forming materials that are relatively 
nontoxic during thermal decompos!- 





Table I11—Typical Chlorinated 
Coating 


Pigment: 75 percent by weight 


Percent 
Titanium dioxide 








R 4 
Zinc oxide 35.7 
Magnesium silicate 8.1 
Antimony oxide....... 8.3 
Calcium carbonate. . . 19.8 
Chlorinaccd parafhn... 19.8 
100.0 
Vehicle: 25 percent by weight 
Pe reent 
Linseed oil. . 48 5 
(alkali refined 
Linseed oil.......... 12.8 
(viscosity X 
ee L.3 
Mineral Spirits. 37.4 
100 0 
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Albi Chemical Corp. 


Fig. 1—Coated wood panel after flame test showing cellular mat formed by phosphate 


type emulsion paint. 





Table 1V—Fire-Retarding Effect 
of Chlorinated Coatings 


Percent | 1 Coat 2 Coats- 
Paint No Chlon Time* Time* 
nated in sec. in sec. 
Parathn 
0 bare wood | 60 sec 
mers 
1 (control oO | 30.0 | 31.0 
2 | 20—s| 13.6 | ee 
3 35 MI 17.0 
4 | 50 | 9.2 4.1 
| 


*Seconds of fire and afterglow, after re 


moval of flame 





tion. Shown in Table IV is the fire- 
retardant effect of increasing amounts 
of chlorinated paraffin. 

One objection to chlorinated paints, 
which has limited their use, is the 
difficulty of applying brushed-on coat- 
ings. Viscosity is high unless reduced 
by linseed oils and mineral spirits. 


SILICATE PAINTS 


Silicate paints, which showed prom- 
ise several years ago, were gradually 
abandoned because of their poor adhe- 
sion to zinc chromate primers. How- 
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Mat insulates panel from flame by cutting off oxygen supply. 


ever, development work to overcome 
the shortcomings of the silicates is 
continuing. 

Results obtained during 1945 
showed that silicate paints are com- 
pletely nonflammable when subjected 
to standard flame tests. Even when 
painted over organic primers, good 


fire-retardant properties were  ob- 
tained, although the primers them- 


selves caused blistering, cracking and 
some fuming. The main objections 





Table V—Typical Silicate Paint 


Pigment: 53.5 percent by weight 





Percent lead as pigment have given good te 
niet . 459  Sults, but effective paints also have 
Lithopone 27.5 
Mica (water-ground : 27.3 

on Table VII—Typical Borax Paint 
00.0 , 
: rredie recent 
Vehicle: 46.5 percent by weight Ingredients 
Basic carbonate white lead 41 

Percent Borax _. 32 
**S”’ sodium silicate 58.0 Raw linseed oil oe 
“C” sodium silicate 19.0 Turpentine , 
Ee 23.0 Japan drier.... bia \ 

100.0 100 
—— 


to the zinc-silicate paint used for these 
tests was lack of stability, lack of 
elasticity and poor washability. A 
typical composition is shown in Table 


V, which gives good fire-retardant 


qualities. 

Judging from the results of com. 
parative tests, as indicated later in this 
discussion, silicate paints warrant more 


investigation. 
BORON PAINTS 


At the suggestion of Naval person- 
nel, an atempt was made to formulate 
an emulsion type paint containing zinc 
borate. As zinc borate is slightly 
water soluble and precipitates many 
conventional emulsion paints, it was 
difficult to find a formula that would 
leave the stability of the emulsion un. 
affected. In Table VI is given the 
analysis for one successful zinc borate 
emulsion paint. 

Although various tests have shown 





Table VI—Zinc Borate Emulsion 





Paint 
Ingredient percent 
Titanium dioxide ae 25 
(Antimony oxide : ee 12.50 
Linseed oil—C-9 15.65 
Resin vehicle 
6 percent cobalt lineolate..... } 0.17 
eo ook Bee 1.90 
oo re eee ne 1.60 
Moldex ; nicotene aa 0.03 
2A-2M-1P (52P22)...... nes 0.54 
Qk: | 0.20 
Water.......... 29.91 
. . . } 
that zinc borate paints provide good 
initial protection against flame, once 
the fire has started, their value 1s 
limited. 


Of the many formulations that have 
been tried, one of the most successful 
has been a special linseed oil paint 
containing borax with the borax fine; 
ground into the linseed oil. This was 
effective for protection against the 
spread of small fires. Much better re 
sults have been achieved recently wi"! 
the borax mixed into the paint with 
out grinding. Paints containing white 
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these } been prepared using either titanium or surface below. After a fire, the retardants. The fused film acts as a 
ck of J zinc sulfide pigments. In Table VII, charred surface may be scraped off and heat insulator, preventing carboniza- 
. A atypical formulation is shown. a new coat of paint applied. tion of the wood. 
Table Heavy applications are needed to Accelerated exposure tests con- 2. Phosphate paints are outstanding. 
ircant ff secure maximum fire protection. These ducted by the experimental station at Silicate paints perform well; but sev- 
paints are not satisfactory for exterior Purdue University showed satisfactory eral other paints give equal or better 
Com- fuse. Rain bleaches out the water- appearance, adhesion and fire-retard- fire protection. 
in this | soluble borax, reducing the degree of ance after a test period equivalent to 3. Borax paints are more effective 
- More | fire protection. 12 years of weathering. when borax is mixed in without 
PHOSPHATE RESIN PAINT COMPARATIVE TEST DATA grinding. + Be iS tet 
4. A comparison of paints with or- 
Latest among fire-retardant paint de- To evaluate the foregoing paints, ganic vehicles shows that paints con- 
erson- J yelopments is the phosphate resin the New York Paint and Varnish Pro- forming to Navy Spec 52P22 are bet- 
mulate aqueous emulsion paint, which has the duction Club ran a series of compara- tet than those which incorporate other 
1g Zinc | ability to extinguish flames. When __ tive tests on a number of commercial vehicles. The Navy paint is an alkyd 
lightly | the coating is exposed to flame, it paints. These were applied to both  ‘fésin in an organic solvent. 
Many | puffs up to form a heavy, sponge-like sides of ;3; in. wood panels that were — 
it was f insulating mat that completely excludes then exposed to a flame. Tables VIII, The authors wish to acknowledge 
would f oxygen and makes it impossible for IX and X give the test results and with thanks the constructive criticism 
on un- F the underlying surface to burn (see appearance of the panels after tests. and suggestions supplied by Subcom- 
en the Fig. 1). The cellular mat prevents The tests indicated: mittee 45, Fire-retardant Paints, Tech- 
borate } fash fires, retards the spread of flame, 1. Paints containing fusible inor- nical Committee, New York Paint and 
and prevents heat penetration to the ganic ingredients are effective as fire- Varnish Production Club. 
shown ; 
Table VIII—Fire Retardance Test on 3/16 In. Panels—Series No. 1 
Ision J — ——— — a sscaniaeiae ' 
percent 
25.00 
12.50 
15.65 
0.17 
1.9 
1.60 
0.03 
0.54 
0.20 
29.91 
le good 
1€, once 
value 1s 








FRONT OF PANEL 

















BACK OF PANEL 





hat have New York Paint and Varnish Club 
iccessful | ~ < ] a pipers ae ~ 
vil paint Amount Alcohol | Time | Panel | — Blistering Discoloration Blackened Area Charred Area 
ax finely Panel Paint of Boils, | Alcohol | Starts |— thof 
agen \lcohol sec. | Burned,|Burning,| Front | Back | Front | Back Front, | Back, Lengthof} Depth of 
This wa lang? 
act the sec. | sec. | sec. | sec. | sec. sec. in. in. Char,in.| Char ,% 
inst the} __ zm | rie . ; 
etter re-F 1-A | Commercial 1} cc’s 61 216 | 190 12 115 47 a lt x 1% | None i: | 30) 
itly with Silicate Paint | 
‘nt with- 1-B Commercial 3 cc’s 45 255 52 19 8] 48 Teer Boil 1 ee 
hit Silicate Paint 
ng whitey 2 Borax Paint | 13 cc’s 62 247 I 115 | 11 S4 14 | 164 | 14x23 None 1 25 
good reg 3 Zinc Borate Paint} 1} ce’s 60 215 138 | 11 95 20 | 195 | 13x 2} | None 13 20 
Iso have} 4 52-P-22 (Solvent | 1} cc’s 61 216 | 64 | 50. 20 | 188 x3 None 23 | 50 
Type | 
. : , P a a fr = 
—_——} > House Paint | 13 ce’s 6 | zis. | ob 20 180 47 | 190 | 1x4} None 23 35 
. Paint 5-B House Paint | 3 «ecs 45 266 57 | 10 30) 25 | 150 13 x 44 None 3 50 
| Fain 6-A | 52-P-22 | tices | 6 | 215 66 11 95 18 | 160 1ix2 None 2 30 
= (Emulsion Type | 
econ 6-B 52-P-22 3 cc’s 48 | 265 57 32 81 36 | se 13x43 | None 34 60 
: Emulsion Type | | 
; Emulsion —_ | 13 cc’s 61 | 230 | 65 | 21 110 | 14 155 1} x2} | None 13 25 
+ Flat Wall Paint | | | 
><} SA Commercial | lI}cc’s | 60 210 | None 30 | None | 25 None | 14x2_ | None 1 5 
- Phosphate Type | | | 
Paint | | | | | | | | | 
yt 8-B Commercial | 3cc’s | 43 | 263 | None | 37 None | 55 None 123 x 32 | None 2 15 
100 Phosphate Type | | | | | | 
aa (Continued on page 144) 
ist, 190% Propucr ENcINEERING — Aucust, 1948 


143 











ire-Retardant Paints (continued) 
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Takle IX—Fire-Retardance Test on 3/16 In. Panels—Series No. 2 
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New York Paint and 
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Panel 


No. 


Rn — 
— AS me *y 
wd 6d A 


wal 


~ 


Paint 


House Paint 
House Paint 
House Paint 
House Paint 
Borax Paint 


Zinc Borate Paint! 


52-P-22 (Solvent 
[ype 
59p 99 


(Emulsion Type) | 


Emulsion 

Flat Wall Paint 
Commercial 
Phosphate Ty pe 
Paint 
Commercial 
Silicate Paint 


Amount Time 
ot Alcohol 
Alcohol | Burned, 
sec. 
| 
5 ec’s 358 
73 cc's 507 
7} cc’s 455 
7icc’s | 340 
74 cc’s | 498 
Lcc’s | 492 
$ cc’s | 485 
7i cc’s | 477 
73 cc’s 464 
73 cc’s 503 
7icc’s | 507 


Panel 
Starts 
| Burning, 
| Sec. 


40 
4] 
60 
40 
50 
56 


40 


oi 


Front | 
sec. 


“Sue ros 


to 
= 


Blistering 


Back 


sec. 
Q3 


95 


50 


(1) This is the area blackened due to char and carbon deposit. Staining from the wood sap and slight scorching 


| 
| 
| 
| 
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Disce 


Front | 


sec. 


yloration 


Back 


sec. 


pat peed ed 
OmnMmvi 
| 


muvee 
Pwiyiw 
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val 


re 


Blackened Area (?) 
Front, Back, 
in in. 
tx 53 | None 
2x 53 None 
31 x 53 None 
2x53 None 
2x 5} None 
2 xX 53 None 
l x 53 None 
13x 5§ None 
| 
2x5$ | 1§x 5} 
1§x5% | None 
| 
3 C1 T 
13 x 53 None 


| 

Charred Area 

= NS = 

! . ‘ 

| Length of | Depth of 

| Char, in. Char, % 

Se 
3 50 

| e1 r 

| 4 V) 

} 5 60 
5} <() 
44 70 
5 QS 

| : 

} 5 6U 

: © 

| 5 

| - | 

53 100 
: 
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are not inclt 
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ided. 
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Table X—Fire-Retardance Test on 





3/16 In. 


Panels—Series No. 3 
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York Paint and Varnish Clu 





Panel 
No. 
l 
2-A 
2-B 


Paint 


House Paint 
$9 P 7 
(Solvent 
$9 P ,”” 


(Solvent 


Type 


Type 


| Commercial 


Phosphate Type 


\mount Time 
ot Alcohol 
Alcohol | Burned, 
sec 
73 cc’s 34¢ 
3 cc’s 240 
7} ’ | > 
ces | 344 
3 cc’s | 250 


Panel 
Starts 
Burning, 


Sec. 


10 


None 


Blistering 


Kront 


Back 


sec. 


Discoloration 


Front Back 
sec sec 
5 135 
26 150 
10 100 
73 215 


Blackened 


I ront 
in. 


\rea 
Back 


in. 


None 
None 


None 


None 


| Chart 


Length of | D 


Char, in. 


77 


63 
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Fig. 1—Dimensions used for making lay- 
out of special cutter for 15-tooth pinion. 


ALLAN H. CANDEE 
The Gleason Works 


DIMENSIONS for laying out involute 
profiles are often determined by exact 
calculation. Simple equations for cal- 
culating coordinates of points for the 
involute of a circle, first derived and 
used by the author in 1942, are pre- 
sented here. An example of the ap- 
plication at these equations to the lay- 
ut of a special gear cutter is shown 
in Fig. 1. The portion A-B is the 
involute of a circle the coordinates for 
which were calculated by the equa- 
tions here presented. The plotted curve 
is tangent to X-axis at the origin O 
of the rectangular coordinates. This 
method avoids making angular meas- 
wements in the layout. 

The equations for the coordinates 
are derived as follows. Referring to 





‘arnish Club 


— 


d Art a 


| Dep 


J ir] 


Fig. 2, the radius of curvature p, at 
the point O on the involute curve, 
and the base circle radius 6 are as- 
sumed to be known. The position of 
point P on the curve, displaced from 
point O, is determined by assuming 
an angular displacement 6 of the nor- 
mal around the base circle. The radius 
of curvature at the new point P is p 
plus or minus 60, the algebraic 
‘ign depending upon the direction of 
9. Coordinate displacements of x and 
) of point P with reference to point O 
ae given by the following equations: 

*=psin@+b5 (6sin 6 — vers @) (1) 

Y= p vers 0+} (sin 6 — @ cos @) (2) 
These equations are derived from Fig. 





Fig. 2—Diagram for derivation of equa- 
tions for calculating the dimensions. 


2 by triangulation and combining the 
terms containing p and 6. Plus and 
minus signs are applied according to 
whether the displacement of P from O 
is away from or toward the base circle. 
The y valves are perpendicular dis- 
tances from the tangent (X-axis) to 
the point on the curve. This cor- 
responds to what has been done for 
years in checking curves by moving 
a dial micrometer along a straight 
line tangent to the surface of a gear 
tooth or cutter, the micrometer read- 
ing being the distance from the point 





Table I—Calculations for Coordi- 
nates of Points C and D for the Lay- 
out Shown in Fig. 1 


9.49094, b = 


Given: a= 26.07625 
Point D Point C 
12 deg. 10.5 deg. 
away from towards 
A base circle _ base circle 
arc 0 0.209 4395 0.183 2596 
sin 6 0.207 9117 0.182 2355 
cos 6 0.978 1476 0.983 2549 
vers 6 0.021 8524 0.016 7451 
(@sin @—vers 80) 0.021 6925 0.016 6513 
(sin @—@ cos @) 0.003 0490 0.002 0446 
p sin 6 1.9733 1.7296 
b(@sin 6—vers @) 0.5656 0.4342 
x from Eq (1) 2.5389 1.2954 
p vers 0 0.2074 0.1589 
b (sin @—@ cos 0) 0.0795 0.0533 
y from Eq (2) 0.2869 0.1056 
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Fig. 3—Diagram for determining position 
of point O and the tangent line. 


Formulas for Involute Curve Layouts 


on the curve to the reference axis 
which is the tangent line. 

As an example the calculations for 
the third point from point O in each 
direction for the layout shown in Fig. 
1 are given in Table I. 

Location of the point O and the 
tangent line with respect to a vertical 
centerline of the tooth space and the 
pitch circle of the pinion 1s determined 
as follows: Assuming that point O 
is a point of a cutter profile taken on 
the pitch circle and the values of pres- 
sure angle , circular space width s 
and pitch radius r are known, then 
from Fig. 3 the half space angle 6 
equals s/2r in radians. The position 
of point O is given by the coordinates: 


Xo =rsin 0, (3) 


(4) 


Vo = r vers 6; 


The position of the point where the 
tangent line intersects the vertical cen- 
terline is: 


” Xo (5 
~ tan (pd + 9s) / 

The value of the radius of curvature 
p for substitution in Eqs (1) and (2) 
is determined by the formula 


(6) 


The equations for the coordinates 
are exact. Hence the values of x and 
y can be calculated to as many decimal 
places as desired. Finally, the ac- 
curacy of the layout depends on the 
precise location of points and the care- 
ful drawing of lines and curves. 


p=rsing 
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Silicone oils are available in threeftime m 
grades; for low temperature service fiices us 
for hydraulic fluids, and for high temfechniq 
perature service. Each grade comefpratory 
with a number of viscosities. Viscosj-station, 
ties vary from 20 to over 1,000 cent;.{ The; 
stokes A, M. 

One of the newest silicone uses is infaster t 
coated glass cloth that will withstandgamera 
operating temperatures as high as 520gng to 
F. This material was designed for usftemely 
as gaskets in aircraft engines, but jsfirough 
available in sheet form and fabricatedfell”, a 
parts. It has good tensile and teaqpeme in 


strength and can be applied in manygmmers: 
types of electrical and mech anic;|petweet 
equipment where high physical propgaum ti 
erties are required, he ele 

Another silicone use is in an ad-B8e, >,' 
hesive for bonding silicone rubber t rodes 1 
itself, to metals and to ceramics. It cafight 1 
also be used to bond glass to glassgmage | 


glass to metals, and metals to metalsf® P4Ss 
The adhesive has properties similar t By cont 
silicone rubber: Remains flexible andptaphs 








- resilient over temperatures ranging?! — 
REACTION KETTLES in General Electric’s complete Waterford, N. Y. plant designed ane 70 F to 520 F and withstancyeone 
especially for manufacture of silicone rubbers, oils, resins and other silicone products continuous temperatures of 300 | Bs . 
dry air circulating oven. t Kerr 
) ala tal ; yes The new adhesive has proved usefulf? Tp: 
New Plant Answers Demand for Silicones in securing rubber doot gaskets dphotogt 
rectly to oven doors, avoiding clamp #%" 
A MULTI-MILLION DOLLAR chemical face when used with molds for rubber and bolts. It is also effective for joinf'th eff 
plant for the manufacture of silicone products, plastic parts and mica. Use ing ends of extruded cured. stock V.04 
materials has been completed at Water of the oil, in emulsion form, facili form O-rings of uniform thickness Vt 
ford, N. Y., by the Chemical Depart tates production of injection molded Molded O-rings, 15 in. in diameter. PoCO™ 
ment of the General Electric Company aluminum and zinc die-castings and are used to seal two main parts of |¢ met 
In partial operation for about a year, helps provide a smooth surface on engines against air and oil vaposp‘! 
the new plant is now ready to produce finished parts. Because of its relatively These silicone gaskets are continuous] 
the war-developed materials at full low surface tension, the oil wets the subjected to temperatures between 
capacity to meet industry demand. mold readily and penetrates small cavi 350 and 400 F but remain soft and 
Derived from sand and processed by _ ties. Silicone oil withstands tempera resilient without swelling or deteriors: 





a new form of chemistry, silicones are tures up to 600 F and can be applied tion and provide a good seal with 


noted for their ability to withstand by brushing, spraying or wiping. It excellent compression set. 


temperatures ranging from —70 F to can be used at the consistency sup Silicone rubber is used for valvg 
520 F. This characteristic made them plied or can be diluted with various — seats because it does not adhere to cof 
much in demand by armed services. solvents. tacting metal surfaces at high tempete 
Major output of G-E silicones now Silicone oils are adaptable as anti tures. These seats have replaced natut 
is in the form of rubber, oils and foaming agents, hydraulic fluids, rubber in some relief valves becaus 
bouncing putty’. The rubber is being damping fluids and as liquid for con- they do not deteriorate during use 
applied primarily as gaskets in indus stant temperature baths. As an anti long storage. 
trial equipment. Principal uses for the foaming agent, silicone oil prevents Although still used primarily 


oils are as mold release agents in foaming in water solutions, emulsions, gasketing material G-E silicone rul 
manufacture of automobile tires, and — resins, paints and in distillation of — is finding increased use in many indus 





aluminum and zinc die-castings. many other materials. For damping tries where its heat-resistance and 
Bouncing putty is used for golf ball devices, its constant temperature vis- chemical and moisture resistance OlPpap, 
centers. Silicones, in smaller quanti- cosity permits shock to be absorbed advantages over other materials. T Bae 4, 
ties, are also produced as resins and evenly Wide temperature range and fact that it does not adhere to meti fund, 
water-repellents non-inflammable characteristics make or other materials at high temperatufer_ m, 
Silicone oil, as a lubricant, avoids — silicone oils good hydraulic fluids, es- is an important feature of this matetffight, 
sticking of molded part to mold sur pecially in aircraft systems where fire which will now be in greater supp!yPse, at 
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U.S. Navy Magnifies Time 


Navy SCIENTISTS have recently devel- 
oped an all electric camera capable of 
magnifying time four million times. 
This camera heads a list of precision 


reefime measuring instruments and de- 


ces used in photographic ‘‘microtime 
echnique” at the new Michelson Lab- 
ratory at the Naval Ordnance Test 
station, Inyokern, California. 

The Zarem Camera, invented by Dr. 
4, M. Zarem, is about 25,000 times 
faster than the fastest motion picture 
lamera commercially available, accord- 
ng to laboratory officials. The ex- 
remely fast shutter time is obtained 
hrough use of an electro-optical “Kerr 
ell”, a glass tube filled with nitroben- 
yene in which a pair of electrodes is 
mmersed. The Kerr cell is placed 
between two polarizers set for mini- 
mum transmission and at 45 deg to 
he electrode axis. When high volt- 


pge, 5,000 v, is applied to the elec- 


trodes in the Kerr cell, polarization of 


apight is altered allowing the light 
ssfMage of subject being photographed 
fo pass through camera lens to film. 


By controlled timing of voltage, photo- 
praphs with an effective exposure time 
f one hundredth of a millionth of a 
econd have been obtained. 

By using a camera with a number 
bf Kerr cell shutters which are pulsed 
N rapid succession, a sequence ot 
photographs of a changing phenom- 
non can be obtained. Photographs 
hith effective exposure times of 0.000,- 
0.04 sec and at framing rates up to 
0,000,000 exposures per second have 
ecome routine. Control of such a 
mera can be a simple matter. A 


+ 


aster voltage pulse is used to initiate 








tinuous! 


between 


soft an 


dete riOra- ene 


seal wil 


for 


) temper 


ed natural 


! 
Valvg 


ee} 
re to con \ | 
| 












ub 


d 


Nl 





Navy 





Official photograph U. 8S 


*y PARK SHADOWGRAPH stops a .22 


fe bullet travelling faster than speed of 
und. This is believed to be fastest 
er mace of a similar bullet in free 
Ight. Shock waves are in front of 
sé, at shoulder, and behind bullet. 
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operations of the individual shutters. 
This electrical pulse is simultan- 
cously applied to several separate cables 
of different lengths. Ends of these 
cables are attached to the Kerr cells. 
Voltage pulses arrive at voltage form- 
ing networks at time intervals de- 
termined by lengths of cables used. 
For cables used, it takes about 0.04 
micro seconds to travel one foot. 
Another of the special cameras, de- 
signed by Dr. I. S. Bowen, Director, 
Mt. Wilson Observatory, usually called 
the RC-4, is a high speed camera for 
taking 76 pictures at a framing rate of 
100,000 per second. High framing 
rate is obtained by focusing object on 


N E W S 


30,000 rpm The image is photo- 
graphed 76 times as the mirror rotates. 

Pictures are taken on ordinary 35 
mm film and are about 3 in. 
Because exposure time is short, 1.1 
micro sec, and optical speed of F:16 
is relatively slow, the RC-4 
bright subjects or high illumination. 
It has been used in studying high ex- 
plosives. 

The RC-3 camera system, also per- 
fected by Dr. Bowen, consists of a 
field lens, horizontal narrow slit, con- 
densing lens, rotating mirror, and film 
i in. wide and 42 in. long. The field 
lens focuses the object under study 
on or along the slit of the camera. 


square. 


re quires 





























an octagonal mirror that rotates at The condensing lens behind the slit 
M 
— 
| 
| Is 
if =) : ; 
es a a= = i ee See 
Source ~~~ _yM Ie \ Seiieee Ip 
S Camera = 
\ lens I; 
\ a 
\ ee 
—— , Film 
Electro optica/ 
shutrers 
Official photograph U. S. Navy 


ELECTRO OPTICAL SHUTTER system of Zarem Camera in which three separate 
Kerr Cells are used to obtain three photographs of different stages of a phenomenon. 


Subject, located at “source,” 


is reflected through mirrors to form two of the pictures. 





HIGH-SPEED RC-4 Bowen camera lens arc with 76 


Nai 
Eight sided mirror in 


Official photograph | S 


lenses. 


foreground revolves; reflecting on each lens in succession when camera is operated. 
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directs that slice of the object on the 
slit to the mirror from which it is re- 
flected on the film placed in an arc 
above the mirror. 

Film and slit are conjugated so that 
object focused on slit is also focused 
in a narrow line across the film. This 
camera shows one-dimensional motion 
continuously as a function of time. 
With the mirror rapidly rotating, the 
straight line is streaked along the film 
and shows progress of motion. Streak- 
ing rate is 3 mm per microsecond. 

Other microtime instruments used at 


this laboratory include the spark 
shadowgraph and shock channel. 
These instruments photographically 


record ordinarily invisible shock waves 
travelling through air or other gases. 
Moving object is shown in shadow 
formed by striking spark on side away 
from camera lens. 





INTELEX, an electrically operated ma- 
chine, can receive request for space reser- 
vation, look up space, make reservation 
and confirm in 20 seconds. Standard and 
proved telephone relays do the work. 


Reservations in Seconds 


AN AUTOMATIC RESERVATION SYSTEM 
that can handle requests for space in 
seconds, with absolute precision and 
at less cost than present methods of 
operation, received its first = dem- 
onstration recently at headquarters of 
the International Telephone and Tele- 
graph Corporation, New York, N. Y. 

The new robot, called Intelex, was 
developed by I. T & T. engineers to 
overcome serious bottlenecks in present 
space reservation procedure. Potential 
users include airlines, railroads, bus 
companies, steamship lines, hotels and 
theaters. Although the initial demon- 
stration emphasized its value to airlines, 
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the new system can be applied to vir- 
tually any field or business in which 
reservations constitute an important 
function. It can also be used in inven- 
tory control, scheduling of machine 
operations, debit and credit bookkeep- 
ing, and store credit authorization. 

Basically, Intelex can be compared 
to a modern dial telephone switching 
system, except that it is geared to 
handle more complex problems. A 
teleprinter message from any point 
connected to the system will automatt- 
cally actuate the “mechanical brain” to 
send back an immediate answer. 

A typical reservation for air trans- 
portation is handled as follows: 

A customer telephoning to a district 
airline office is connected with a clerk 
to help him determine the flight, date, 
and hour best suited to his needs. The 
clerk enters the information, together 
with his own identification, upon a 
reservation card and sends a message 
in simple code over the teleprinter cir- 
cuit to Intelex at the central exchange. 
Once the query has reached Intelex, 
computation and subsequent reply are 
completely automatic—including the 
operation of the transmitter that tele- 
prints answer back to the originator. 

If space asked for is available, the 
machine advances its storage record 
for number of seats requested and 
answers by repeating message and add- 
ing a serial number to indicate that 
space has been confirmed. In a request 
of this type, confirmation can be ob 
tained in less than 20 seconds. 

If space is not available, the machine 
selects next available space, informs 
the clerk of the alternative, but does 
not record space as sold until clerk 
indicates desire for confirmation in a 
subsequent message. 

Should clerk misread timetable, or 
ask for impossible space through other 
causes, the machine sends request to a 
special operator who contacts clerk and 
puts him right. Intelex can also en- 
able operating personnel to know pas- 
senger load expected for any future 
flight. Personnel concerned with dis- 
patching flights, load-control and com- 
missary duty can plan services for 
definite numbers of passengers. 

Intelex contains a broadcast circuit 
by which the central operator can 
notify all, or selected, branch reserva- 
tion clerks of cancelled reservations for 
flights listed as ‘‘sold out’’. Cancelled 
reservations on “open” flights are auto- 
matically taken into machine data and 
don’t require operator action. 

Standard telephone relays that have 
proved reliability through years of 
service are used in this system. Relays 
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large loads quickly and accurately. 


New Dynamometer 
For Heavy Loads 


TRACTION DYNAMOMETER, capable \ 


measuring up to 654 tons, has recentl 
been developed by the Pacific Engitbe 


neering Co., Portland, Ore. 

Tension of weight is measured 
its effect on a set of elliptically shape 
steel springs. The springs control 


plunger that operates an indicating 
mechanism consisting of pulley ang 
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an outer dial. Load handling abili 
is increased by spacing apart the end 
of side members of the tension el 
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ment, thus reducing the bow requittderal 
to accommodate the indicator, so thiabro, 


most of the load is absorbed in tensi0%fha 
nd t#pl. 


Shackles are provided at 
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hold a safety bar that takes over whejfidy 
maximum loading is reached. | 


The device does not depend 


clamping action to fasten th 


cating instrument to the 
ment. 


actually welded to the s 
construction makes the 
pletely shockproof. 


tens! 


Instead the indicating 
nism is attached by means 0! 
prings 


devi 


Propuct ENGINEERING — AUGUS!1 


on # 
INd'Bin ex 
ne WX 
mechi 10n 
lug Tore! 
T hilo l 
commneed 
CTs ¥ 
194} Pro 





re¢ 


Cont 


cal mat 
TRACTION DYNAMOMETER uses f 


ot Wo 
liptically shaped steel springs to measur 


00,001 


pi 


needed 


Uyers, 


The 


CO) 


WT E ® H N 


I ul iq ] ; 
iW ashington Notes 
{ opera 
cted sifReconstruction for Europe 
1 las 


veka In its first step toward the recon- 
struction of Europe, as differing from 
initial relief efforts, the Economic Co- 
operation Administration (ECA) last 
month authorized shipment of $6,030,- 
000 worth of industrial equipment to 
France and Greece. 

Among industrial goods called for 
in this authorization are agricultural, 
electrical and mining equipment, mo- 
tor-driven combines, turbines, radia- 
tors, electric shovels, tamping rollers, 
pare parts for machinery, two-wheeled 
ractors and dump wagons, rail equip- 
ment, and tractor and motor vehicle 
tires. About half of this, including 
all mining equipment, is slated for 
a delivery to industry in France. 

Volume shipments of machinery 
and equipment will not begin until 
this fall. Chief reason for this is that 
European countries have not yet de- 
ided on amount of equipment needed. 
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mtockpiling—Friend or Foe? 


Industry, fighting for enough criti- 
cal materials to keep running, should 
uses not worry too much about the $600,- 


neasef000,000 appropriation for military 
©“ Istockpiling. President Truman, ad- 
vised that controls would not be 


needed if markets were left to private 
buyers, has told stockpilers to “‘lay 
off” critical materials. 

pable of The appropriation is half cash and 
_recentifhalf contract authorization. Cash will 
it Eng be reduced by $75.000.000 to pay oft 
last year’s contractual agreements. 


sured byMost of remaining cash will be spent 


y shapeqoutside U. S., either through standard 
ontrol 4procurement contracts, or through 


ndicatingECA “agreements” 

lley and Contract authority could mean help 
gister Ofto American claimants for materials on 
g abilitfdomestic markets. Although not yet 


the end perfected, stockpilers have plan to 
sion él} subsidize” marginal metal and min- 
requiré¢eral producers in this country—and 
, 80 thitbroad Although marginal producers 
1 tensioMfhave heen producing without subsidy 
h end ti plan iey cannot long hold out; sub- 
ver whetidy plan could keep them producing. 
Subsidy in foreign markets would take 
nd ON Horm of advance payments to be used 
the in¢4in expansion of production facilities. 
sion €&F Washington minerals economists 
5 mech con t tcel ECA will do much to release 
of lugfforei strategic materials. They point 
gs. Thiffout that any country having materials 


nice com by both industry and stockpil- 


ets won t indulge in EC A red tape and 
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Giant Bomb Requires Special Treatment 


A BOMB almost twice the size of larg- 
est previously dropped from an air- 
plane has recently been test-dropped 
for the U. S. Army Ordnance Depart- 
ment by the U. S. Air Force at Muroc, 
California. This dud bomb weighed 
42,000 Ib and was dropped from a 
Bocing B-29 Superfortress. The bomb 
has a body diameter of 44 ft and a 
length of 26 ft 10 inches. 
Preparatory to making test-drop, the 
B-29 was modified by the Wichita Di- 
vision of Boeing Airplane Co. A por- 
tion of the body section under the 
wing was cut away, the rear bomb bay 
doors were removed entirely, and the 
front bomb bay doors were cut away 
to allow the nose of the bomb to pro- 
trude. When the bomb is attached to 
the B-29, approximately half of the 
missle hangs below the normal surface. 
To load the bomb, it was necessary 
to construct a concrete loading pit and 
a special mobile bomb lift. This lift 
was also designed and built at the Boe- 
ing plant. Designed to raise a bomb 
weighing up to 50.000 lb to a height 


much of the heavy loading equipment 
previously carried inside the plane. Hy- 
draulically operated and powered by 
external electricity, the lift can tilt, 
roll, and shift the bomb fore and aft, 
or sideward, in order to position it in 
the bomb bay. All operations are con- 
trolled by six hand levers that can be 
actuated by one man. 

A series of ap proxim: itely 12 test- 
drops is scheduled with ‘ ‘dud” bombs. 
Later tests will be made with explosive 
bombs using various types of fuses. 
It is also planned to make some of 
these test-drops from a Consolidated- 
Vultee B-36, the Air Force’s largest 
bomber. Data on the plane’s behavior 
in all the tests will be recorded and 
cameras and precision instruments will 
follow the entire flight of the bomb 
from plane to ground. 

Data obtained from drop tests will 
be forwarded to the Ordnance Ballis 
tics Research Laboratories at Aberdeen 
Proving Ground, Maryland, to deter 
mine the ballistics performance of the 
bomb, which will aid in the develop 
ment of other bombs of this size 





of 124 ft, the lift eliminates need for 
credit agreements. Owners of such 


materials would be after dollars right 
now as all countries are short. 


OTS Given Transfusion 


The Office of Technical Services of 


the Department of Commerce has an 
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appropriation of $200,000 for fiscal 
year 1948-49. As of June 30th, the 
staff dropped from 120 to 50 and 
many activities ceased. The weekly 
bibliography, in which German and 
U. S. research documents 
stracted, is now a monthly 
titles, with but few 


were ab- 
listing of 
abstracts. OTS 
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has kept microfilm of German uni- 


versity research reports but tossed out 
German pub ylications and industry re- 
search information which the staff be- 
lieved to be less rewarding to U. S. 
industry. 

One project that OTS has kept on 
the fire may yet come to pass. That is 
the effort to get certain German scien- 
tists into the country to work in U. 
companies, private research labs and 
universities. Lack of State Depart- 
ment O. K. is only thing preventing 
this action. 


0. 


Senate to Investigate 


Basing Point Price Decision 


Use of “delivered prices” by manu- 
facturers of heavy products was cast 
under a heavy legal cloud by the Su 
preme Court devision in the now-fam- 
ous Cement Institute case. 

Uncertainty surrounding application 
of this far-re aching decision to specific 
industries- including the cement in 
dustry——has inspired the Senate to vote 
$50,000 to finance an investigation 
What they'll try to determine: How 
does this decision affect: (1) big busi- 
ness, (2) small business, and (3) the 
long suffering public ? 

Senator Capehart sponsored the 
resolution and he will be in charge of 
the investigation. He has already been 
forced, by long-time anti- monopolist 
Senator O’ Mahoney, to broaden scope 
of investigation to include an inquiry 
into increase of monopoly and eco- 
nomic concentration 

Freight rates, FTC and ICC will all 
be studied in this legislative attempt 
to determine the affect of Supreme 
Court decisions on industry prices 


Spring Designer Opens Office 


Mr. Harold C. R. Carlson, whose 
articles on spring design have 
peared in Product Eng yineering, 
recently organized a company to 
vide design and consultation services 
for manufacturers, engineers and in- 
ventors. The Carlson Company will 
specialize in design of springs and 
mechanical products 

Since its inception, Mr. Carlson has 
been active in Machine Design 
Division of the American Society of 
Mechanical Engineers; serving 
Papers and General Executive 
He has been active in 
the design field 

He severed his connections as chief 
engineer for the Chas. Fischer Sprin 
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1948 END OF A CENTURY of steam locomotive production ts a 2-8-4 mammoth. ‘ 
Passing of an Era in Railroad Equipment ; ’ 
END OF CURRENT STEAM LOCOMOTIVI facilities for production of diesel-ele 
production came to the American Lo- tric engines, and will major on su = 
comotive Co, plant in Schenectady, types. Workers are now employ ea = 
N. Y.. last month when the last 2-8-4 assembly line p sroduction of diesel-el¢ alte 
type rolled out of the vards for the trics and American Locomot of 
Pittsburgh and Lake Erie Railroad cials estimate 1948 production will 3 Russ; 
During this period, over 75,000 steam 150 percent of 1947 production Effici 
units were built Considerable steam locomotive spj 
American Locomotive has been pr« will be “moth-balled” to meet 
uring for this event for a number. of future demand, domestic or elgg 
vears. They have been expanding for steam locomotives \. 
a eo 
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Expansion—Theme of 
Plastics Industry Meeting 


EMERGENCE OF THE PLASTICS INDUS- 
TRY from its postwar ‘‘shakedown’’ 
period, with new equipment, processes 
and materials, was stressed in sessions 
of the Annual Meeting of the Society 
of the Plastics Industry, held recently 
in Atlantic City, N. J. During the past 








structed 


year, many of the “ills’’ of the plastics 
industry were cured. Consolidations of 
companies have taken place, and a 
number of companies already estab- 
lished in other fields have set up new 
plastics divisions. 

It was learned at the meeting that 
the supply of plastic molding mate- 
rials is currently more satisfactory 
than it has been at any time since the 
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end ot the war. Demand has remained 
steady, although requirements for most 
thermoplastics are not up to the high 
levels of 1946 and 1947. Polystyrene, 
however, has made inroads on othe: 
plastics for certain applications. Ther- 
mosetting materials are currently being 
produced at extremely high rates. 
Although most of the sessions at the 
meeting covered merchandising and 
production, there were several talks of 
engineering interest. J. H. Parliman, 
Plax Corporation, spoke on “Liquid 
Transmission Through Extruded Poly- 
ethylene Film." A simple test for de- 
termining the transfer rate of liquids 
through polyethylene film was devel- 
oped. Also, an empirical method ot 
predicting — transmission 
rates of liquids containing only hydro 
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gen, oxygen and carbon, was found. 
Liquids containing halogens or nitro- 
gen are not applicable to this method. 

‘Development of Lower Cost In- 
jection Molds’’ by H. C. Spaulding, 
Electric Auto-Lite Company, proved to 
be a popular subject, especially for de- 
signers who have hesitated using plas- 
tics because of high initial costs. Meth 
ods of fabricating low-cost molds in- 
clude: Beryllium copper pressure cast- 
ings; stainless steel periphenol cast- 
ing; machining cavities directly into 
semi-hard steel, thus eliminating 
another polishing operation after hard- 
ening. 

Speaking on — Lighting Fixtures 
from Acrylic Sheet,” F. W. Tetzlaff, 
Rohm and Haas Company, pointed out 
the widening industrial markets for 





New Plastics Softener 
To Ease World Shortage 


The Plastics Institute of Delft, part 
of Dutch Government's Institute for 
Applied Scientific Research has re- 
cently successfully tested a plastics 
softener invented by an undisclosed 
Dutchman. The softener has been 
found in a byproduct of saccharin 
manufacture, viz. kresylparatoluol-sul- 





ammoth. 


jiesel-ele 
r On Sut 
ployed } 
jiesel-ele 
OTIVE of 
yn will 3 
on 
tive Spal 
meet aj 











phonate. 

Since softeners can comprise 50 
percent of plastics volume, world 
shortage has reduced plastics produc- 
tion. The new softener will be first 
used in production of polyvinylchlor- 
ide compounds. 

Tests made by the Plastics Institute 
show that this softener will affect final 
products only by proportion of soft- 
ener used. It can produce hard or 
flexible properties without otherwise 
affecting characteristics of the plastics. 


Russian Inventors Demand 
Efficient Use of Inventions 


That emphasis is now on maximum 
utilization of Soviet inventive talent, 
for raising industrial efficiency, can 
be seen by letters recently printed in 
Russian papers. Soviet inventors, 
While pointing out vast opportunities 
of planned economy, are , eer 
that responsible officials pay more 
attention to inventors and to develop- 
ing ideas proposed by inventors. 

One letter cites two detailed ex- 
amples of poor management where 
ideas were not developed along natural 

nd where the inventors’ sugges- 
F CT 
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tions were by-passed by authorities. 

Letters from all Soviet republics 
have indicated that inventors are not 
satisfied, and for similar reasons: poor 
invention development and poorer re 
muneration. 

The current system of remunerating 
Soviet inventors is under press attack 
as failing to properly encourage in- 
ventive effort. An article in Pratda 
showed that inventors should receive 
better compensation with less ‘‘red 
tape’’ in the interest of rapid com 
pletion of production programs. This 
article aroused considerable reader re- 
sponse, which was published. 

The general feeling of responding 
readers is that existing system of re 
muneration offers slight inducement 
and needs radical reforms. 


New French Turbo-Jet Engine 


A new turbo-jet engine, the TGAR- 
1008, has recently undergone its first 
tests at the LeBourget factory of the 
Compagnie Electro-Mecanique, where 
it was built. The engine turned over 
at 5,550 rpm, developing 3,300 Ib 
thrust, for two hours. 

Full information is lacking, but the 
engine was designed to deliver 4,200 
Ib thrust at 6,400 rpm with a maxi- 
mum thrust of 5,075 Ib at 6,700 rpm 
Nine engines have been ordered and 
are under construction. 


Scientists to Workshops 


Cooperating with farm and factory 
labor to complete current Stalin post 
war five-year plan in four years, hun 
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Foreign Reports from McGraw-Hill World News 


dreds of Soviet scientists are shuttling 
hetween laboratories and industrial 
workshops and farms. This is an at- 
tempt to get quicker practical results 
from extensive research carried out at 
state expense by 100,000 scientists in 
Russia. Good results are apparent ac- 
cording to reports of combined oper 
ations between science and industry. 
Russian and American thinking are 
following similar paths in this: Indus- 
try is the laboratory for production 
techniques; educators and_ scientists 
are being urged to maintain closer 
relations with industry 


Bearing Alloys Investigated 


The Tribophysics Section of the 
Australian Council for Scientific and 
Industrial Research has been investi- 


gating the frictional properties of 
bearing alloys of various types. Evi- 
dence has been accumulating to indi- 
cate that hard crystallites in a soft-base 
matrix make little contribution to fric- 
tional properties of bearing alloys. 
They may impart superior mechanical 
and _ physical properties to alloys under 
running conditions. 

Copper-lead types were investigated 
first. It was found that metallic film 
lubrication resulted from smearing of 
lead particles on relatively hard cop- 
per matrix. 

Later work on and _ lead- 
base alloys, with soft matrices in which 
hard particles are dispersed, and bear- 
ings made just from matrix material, 


tin-basc¢ 


at room and_ elevated temperatures 
showed that hard particles do not 
hange friction and wear properties 
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acrylics—previously considered as a 
purely decorative material. Large, in- 
teriors lighted outdoor signs and mag- 
nifying lenses for television sets are 
among such uses. 

Other talks of interest to the engi- 
neer included: ‘The Factors of Screw 
Design in Extruding Cellulosics” by 


Dr. Paul Moeller, and R. Phillips, 
both of Celanese Corporation of 
America; “Industrial | Designer’s 


Viewpoint of Fabricating Potentials” 
by Henry F. Pearson, President, Pear- 
son-Berlinghof, Inc.; and ‘The Re- 
cent Advances in the Art of Injection 
Molding Large Pieces”, by George W. 
Whitehead, Improved Paper Machin- 
ery Corp. 

Officers of the Society of the Plas- 
tics Industry were elected at the con- 
clusion of the Annual Meeting. Re- 
elected were: Chairman of the Board, 
Neil O. Broderson, Rochester Button 
Co., Rochester, N. Y.; President, 
George H. Clark, Formica Insulation 
Co., Cincinnati, Ohio; Vice President, 
Gordon Brown, Bakelite Corp., New 
York, N. Y., and Secretary, Norman 
Anderson of General Molded Prod- 
ucts Corp., Des Plaines, Ill. Mr. J. J. 
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B. Fulenwider of Hercules Powder 
Co., Wilmington, Del. is the newly 
elected Treasurer. 

At the session of representatives of 
exhibitors in the forthcoming Third 
National Plastics Exposition to be held 
in Grand Central Palace, New York, 
September 27 to October 1 inclusive, 
under the sponsorship of the Society 
of the Plastics Industry, plans were 
presented for publicizing the event. 
Nelson E. Gage, chairman of the 
Third National Plastics Exposition 
Committee and newly elected director 
of SPI, expressed his enthusiasm over 
the fact that although the show is 
more than four months away, there 
are already 105 exhibitors. He empha- 
sized fact that this Third Annual Na- 
tional Plastics Exposition is designed 
to attract buyers and that general pub- 
lic will not be invited. 


Welding Society Inaugurates 

Undergraduate Welding Awards 
TO STIMULATE UNDERGRADUATE IN- 
TEREST in welding, funds have re- 


cently been donated to the American 
Welding Society by A. F. Davis, vice- 


N E W § 


president and secretary, Lincoln Elec 
tric Co., Cleveland, Ohio. 

Since A. F. Davis Undergraduate 
Welding Award prizes will be for 
articles on subjects of welding, appear. 
ing in school publications, interest in 
welding techniques will be created 
throughout student bodies. 

Any undergraduate of any college 
or university, in the United States, its 
possessions, or Canada is eligible 
Papers must be published in interva 
between April 1, 1948 and April 1 
1949. Six copies of the publication 
should be sent to American Welding 
Society, 33 West 39th Street, New 
York 18, N. Y. These copies should 
be sent to attention of Chairman of 
the Educational Committee and must 
arrive before 5 P.M., April 10, 1949 

Judging will be based on originalit, 
of subject, clarity of presentation anc 
thoroughness with which subject 
covered. Cash prizes of 200 dollars 
and certificates of award will be pre. 
sented to best paper author and pub 
lication in which paper appears. Sec- 
ond prizes of 150 dollars and certifi 
cates will be awarded to author and 
publication with second best article. 
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bottom, brake solenoid valve, wire harness and reverse switch. 
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ELECTRICAL WIRING CIRCUIT for Brake-A-Matic unit for 


cars with hydraulic transmissions and with oil pump. 


First Fully Automatic Hill-Holder for Passenger Cars Recently Disclosed 


THIS NEWLY-AVAILABLE automobile 
hill-holder and creep-stopper repre- 
sents good design with standard com- 
ponents. Manufactured by the Weis 
Brake Control Co., Inc., New York 
21, N. Y., and known as ‘“‘Brake-A- 
Matic,”’ this system will lock brakes on 
stopped cars with hydraulic shift trans- 
missions. 

With ignition switch turned on, ac- 
celerator pedal in release position and 
vehicle at rest, with brake pedal de- 
pressed, a closed electric circuit from 
ignition switch to governor switch 
energizes a solenoid valve. This valve 
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closes and prevents return of front 
wheel brake fluid to the master cylin- 
der. By trapping the fluid brake pres- 
sure, front brakes are engaged and 
foot can be removed from brake pedal. 
The car will remain with brakes locked 
on any grade. 

When the driver is ready to move 
the vehicle, he depresses the accel- 
erator pedal. This opens the circuit at 
the accelerator switch, deenergizing the 
solenoid valve, releasing the trapped 
brake fluid and the braking action. 

While the vehicle is in motion, the 
governor (or pressure) switch keeps 
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the circuit open so that vehicle can be 
braked while in motion without lock 
ing brakes. Because the 
switch is the heart of the system, th 
automatic unit cannot be used on an 
car that does not have an oil pump "1 
the power transmission circuit. 

The unit is now available for six an 
eight cylinder Chrysler and DeSot 
cars, 1946-1948 models, and wil! soo! 
be useable on Oldsmobiles, Pontiats 
and Cadillacs equipped with Hydr 
Matic transmission. Plans are 10% 
under way to adapt Brake-A-Maitic ! 
the Buick Dynaflow transmissio: 


gov ernot 
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Industrialization of South 
Shown by Recent Exposition 


LATEST DEVELOPMENTS in machine 
design, tools and equipment key- 
noted the third annual Southern Ma- 
chinery and Metals Exposition held 
in Atlanta, Ga. Many products na- 
tionally shown for the first time and 
others being introduced locally indi- 
cated rapidly increasing industrial in- 
terest in the South. 

Running concurrently with the ex- 
position was the first Southern In- 
dustrial Conference on Machinery and 
Metals held at Georgia Tech. This is 
hoped to become a yearly affair. 

During conference discussions, 
B. D. Smith, Director of Research, 
Scripto, Inc., said that drawn brass 
pencil sleeves and caps are produced 
on eyelet machines at his plant. Final 
drawn shapes are held to within one 
thousandth inch for coating. Pencil 
clip die is indexed and final form 
secured without a single transfer of 
the part from its nest. 

Main stress was placed on machine 
design that will produce maximum 
output with as few settings as possible. 
Stock feed mechanisms that advance 
the stock for succeeding operations 
were held of great importance in pres- 
ent day manufacturing. 

G. H. Stimson, Chief Engineer, 
Gage Division of Greenfield Tap & 
Die Corp., maintained that the task 
of assigning tolerances to dimensions 
is just as important as originating the 
design. He said that coordination 
between design and production meth- 
ods will produce products at the lowest 
possible unit cost. 


Machine Tool Builder 
Establishes Scholarships 


ESTABLISHMENT of a 30,000 dollar 
fund from which 15 scholarships of 
2,000 dollars each will be awarded 
during next five years, was unani- 
mously approved at a recent meeting 
of directors of the Monarch Machine 
Tool Co.. Sidney, Ohio. 

Thought to be first machine tool 
builder to institute such a program, 
Monarch will yearly award scholar- 





AGMA Award to 
Louis D. Martin 


THE AMERICAN Gear Manufacturers 
Association recently announced that 
the 1948 recipient of the Connell 
Award is Louis D. Martin. The Con- 
nell Award was established by the 
Falk Corp. in commemoration of the 
late Edward P. Connell, Vice President. 

The Connell award is made to Mr. 
Martin “ .... for his immeasurable 
contributions to the gearing industry's 
knowledge and literature, particularly 
in the fine pitch gearing field.” Many 
of Mr. Martin's articles have appeared 
in Product Engineering. 

Mr. Martin’s entire business career 
has been spent in the gearing industry. 
He has been with Brown Lipe Gear 
Co., General Motors Corporation, and 
with Eastman Kodak Co. for the past 
22 years. Mr. Martin is currently that 
company’s Gear Engineer, having 
charge of all gear engineering. 





candidate qualifications. 

Each scholarship will be disbursed 
in annual amounts of 500 dollars 
towards a complete four-year engi- 
neering college course. 

Three conditions for applicants 
have been established. These, in order 
of importance, are: (1) Superior 
scholastic performance, (2)  serious- 
ness of purpose, and (3) aptitude for 
engineering work. Monarch consulted 
local, school and college authorities 
before establishing these conditions. 

Monarch executives hope scholar- 
ship winners will want to give Sidney 
companies preference when seeking 
employment after graduation, but this 
is not a condition of receiving a 
scholarship under this program. 


ships to three outstanding boys from 
Shel County schools who wish to 
pursue study of mechanical or electrical 
engincering in colleges in Ohio or 
elseuhere in the United States. A 
perminent Board of Trustees, com- 
Pose’ of the judge of Common Pleas 
Cou superintendents of local schools 
and » Monarch executive, will review 
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MEETINGS 





August 18-20 

SOCIETY OF AUTOMOTIVE ENGI- 
NEERS—West Coast Meeting, St. Fran- 
cis Hotel, San Francisco, Cal. 


August 24-27 


AMERICAN INSTITUTE OF ELEC- 
TRICAL ENGINEERS—Pacific General 
Meeting, Spokane, Wash. 

September 719 
SocIETY OF AUTOMOTIVE ENGI- 


NEERS—Tractor and 
Division Meeting. 


Milwaukee, Wis. 


September 13-15 
PENNSYLVANIA STATI 

Conference on Research 

tion. State College, Pa. 


Diesel Engine 
Hotel Schroeder, 


COLLEGI 
Administra 


September 13-17 
INSTRUMENT SOCIETY OF AMERICA 
National Instrument Conference 
and Exhibit, Convention Hall, Phila. 


September 20-21 
AMERICAN SOCIETY OF 

ICAL ENGINEERS—Aviation 

Meeting, Dayton, Ohio 


MECHAN- 
Division 


September 20-24 

ILLUMINATING ENGINEERING SO- 
cieTy—Annual Meeting, Hotel Stat 
ler, Boston, Mass. 


September 27-October 2 


SOCIETY OF THE PLAsTics INDUs- 
TRY—National Plastics Exposition. 
Grand Central Palace, New York, 
N.Y. 


September 30-October 3 

THE INSTITUTE OF RADIO ENGI- 
NEERS—West Coast Convention in 
conjunction with West Coast Elec- 
tronic Manufactures Convention. Bilt- 
more Hotel, Los Angeles, Cal. 


October 12-16 

AMERICAN CHEMICAL SOCIETY 
National Chemical Exposition and 
National Industrial Chemical Confer- 
ence. The Coliseum, Chicago, III. 


October 13-15 

PORCELAIN ENAMEL INSTITUTE 
Annual Forum. University of Illinois, 
Urbana, IIl. 


October 22-25 

METAL TREATING INSTITUTE—An- 
nual Meeting. Adelphia Hotel, Phila- 
delphia, Pa. 


AMERICAN SOCIETY FOR METALS 
—Annual National Metal Congress 
and Exposition. Commercial Museum 
and Convention Hall, Phila. 





Anew future 
or your drawings: 





1. Now any of your drawings can be 
reproduced in black, blue, red, or sepia 
lines on white or tinted paper. Thus, 
you can “color code” your prints... 


speed routing ... eliminate errors. 


2. You can always match the job at 
hand. For example: If grease and grime 
abound in the shop you can practically 
eliminate replacements 


by ordering 


Ozaplastic prints. 


atl ‘ 


Always the same simple operation 


Development 
print. 


A Hew Faet Collec! 


See all the Ozalid prints 
you can make.. 
of 
ot Ozalid 


There’s one for you. 


.and learn 
specifications complete 


line machines. 
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to produce the 


These durable prints are oilproof, 
waterproof—can be 
with a damp cloth. 


cleaned in seconds 


3. You can improve on your best 
drawing by ordering Ozacloth or Oza- 
lith translucent These new 
materials increase the line densities of 


your original .. 


“masters.” 


. are plastic-coated ... 
oilproof, waterproof... turn out Ozalid 


prints of maximum visual density. 


LOZALID 


Exposure and Dry 


desired type of Ozalid seconds 





4. Speed Design Changes 


Ozalid 





Intermediate Prints are duplicate trans- 


parencies 
plastic, which permit time-saving c 


on paper, film, cloth, or 


rections or changes in your drawings, 


Using Ozalid foils, you can combine 


on one print the details of separate, but 
related, drawings. And new Ozachrome 


even allows you to make transparent 


overlays in full color. 


or less! Each a positive copy produced directly 


from your original drawing. 


Gentlemen: Please send free 


Name 
Position 
Company 
Address 


of Ozalid prints...and machine 


Ozalid in Canada—Hughes Owens Co., Ltd., Montreal 
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And speed? Standard Ozalid prints are produced in 25 


DEPT. NO 133 
OZA LI D A Division of General Aniline & Film Corporation 


Johnson City, New York 
booklet 


catalog for all printmaking requirements. 
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Izalid 
> trans- 
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Natural Frequency Calculations 


Including forced Vibrations, Beams Under Load, and Torsional Systems 





Compiled by S. R. Hazelett, Design Engineer, Sonntag 





Scientific Corporation, Greenwich, Conn., and Baldwin Rpm w?/g Rpm ww? /'s Rpm w*/g 
Locomotive Works, Philadelphia 42, Pa. 50.0 0.071 900 23.00 2,600 191.7 
100.0 0.284 1,000 28.40 2800 222.5 
NOTATION FOR INCH-SECOND-POUND SYSTEM 150.0 0.639 1,100 34.37 3,000 255.6 
187.6 1.000 1,150 37.50 3,200 290.5 
Length, in. . ' 200.0 1.136 1,200 40.9 3,400 328.0 
Half amplitude when vibration applied to spring end, in. 250.0 1.775 1,300 48.0 3,460 340.0 
_ = Length, in. . 300.0 2.556 1,400 55.7 3,600 368.1 
C Dimensionless constant, value depending on mode of beam 400.0 4.54 1,500 63.9 3, 800 409.0 
support and harmonic mode. 500.0 7.10 ‘ 600 72.7 4,000 454.0 
= Wire diameter or ordinary diameter, in. 575.0 9.37 , 700 82.3 4,500 574.0 
= Eccentricity, in, 593.4 10.0 ‘ 730 85.0 5,000 710.0 
E = Modulus of elasticity, psi 600.0 10.23 l, 300 92.0 5,934 1,000.0 
LI = Modulus of elasticity (psi) times moment of inertia of area 690.0 13.50 1,876 100.0 6,000 1,023.0 
(in.!) 700.0 13.92 1/900 102.3 77000 1,392.0 
ge = Standard acceleration of gravity = 386.09 in./sec? 720.0 14.71 2,000 113.6 $,000 1,818.0 
G = Modulus of elasticity in shear, psi 800.0 18.18 2,200 137.5 000 2,300.0 
| = Physical moment of inertia, in.-lb-sec’, or |h-in2? 865.0 21.24 2,400 163 .¢ 10,000 2,840.0 
¢ = Spring constant, lb/in. 
K = Radius of gyration, in. 
te = Effective spring constant, |b/in. NATURAL FREQUENCY OF UNIFORM BEAMS 
ky = Torsional spring constant, in.-lb ‘rad a : : - 
» tenets te. (Without extra loads or springs, and for first three 
» = Total free length of spring and ends, it harmonic modes. ) 
w = Free wire length, in. a . ae 
= Mass = w/g, ib-sec?/in. The natural frequency of uniform beams is expressed by 
= Effective mass, lb-sec?/in. the following equation: 
= Radius, in. - 
t = Mass per unit length = w/g/, Ib-sec*, in. CK E E — 
I = Tension of spring, lb i a Vv = 200,X 10° in./sec for steel, alumi- 
, = Torque, ib-in. ‘ pe p num and magnesium (within 29%, ) 
= Weight of vibrating body, lb ee - 
= Half amplitude of vibrating mass, in. t C gy: 
ts: = Displacement under assumed static force equal to maximum }——__| 22.4 
of alternating force, in. | 
\ = Constant —~ OR 
p = Density = mass per unit volume, lb/cu in./386 in. /sec? ¢ q — 395 
w = Any frequency, rad/sec; number of free oscillations pet Wi - Re Q 
2 x sec; or frequency of applied force 
wn = Natural frequency of a system, rad/sec ' 
¢ 
TRANSLATIONAL NATURAL FREQUENCY Pitan 
4 
| 99 
H ' = 22.4 
Natural frequency of a system is: = 61.7 
ne = = 12] 0 
Des NING FOR GIVEN NATURAL FREQUENCY 
Eq (1) can be written in the form: nL 
k , = 15.4 
; , = 50.0 
The values of w’/g from the following table are there- =“ 
‘ore equivalent to the ratio &/w of a vibrating system which 
Must he designed into it to cause i e 4 S ) 
in a ; an } cause a sate at the 7 * These nsiants by permission ‘aod Mec hanical Vibrati ns, by 
ke. 5 nog 1e speeds are in revolutions per minute anc Den Hartoe,. C. pyri ighted, 1947 by McGraw-Ilill B ( 1 
ne yw oO é 
t is in pounds to simplify computation. (continued on page 157) 
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Natural Frequency Calculations (continued) 


EFFECTIVE MASS 
(With respect to end of flexible member) 


The true mass of helical springs, beam springs, levers, 
etc., in a vibrating system cannot be used directly in Eq (1). 
The effective mass, m,, of a part is that mass which if 
placed at the free end of the springy member, could be 
substituted for the true mass of the part as actually dis- 
tributed, without changing the natural frequency of the 
system. 


m, of spring is 1 
end 


M/Z. 


If mass at 
me approaches 0, then m, approaches 


3 mass of spring. 


5 mass of spring. 


m, of uniform cantilever is 0.23 mass of canti 


leve r. 


me of pivoted uniform lever, spring at end, is 
1 3 mass oflever. (m, of any body vibrating 
in rotary motion equals //r*, where J is the 
physical moment of inertia [zvr?/g] about pivot, 
ind r is the distance from pivot to end of 
spring. 


m, of uniform double-hinged-end beam is 0.5 
mass of beam. (The beam is two springs 


with their ends at the mass. 


* 


Reg 


SPRING CONSTANTS FOR POINT-LOADED BEAMS 


m, of auxiliary weight on lever is 
mass of the auxiliary weight. 


i 
times 


m. of uniform parallel-end beams equals 0.371 
times mass of beam. 


Spring constant & can be determined for various point- 
oaded beams by the formula: 

; ET 

R = . - 


2 


Where q is a constant as found in the table below. 


192 
baw 
} 
free 
enter 
EFFEC TIVE SPRING CONSTANT 


(W ith respect to principal mass of system.) 
In alculating w,, it may be more convenient to find the 
Constant & of the spring which, if piaced at the principal 
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mass, could be substituted for the original spring without 
changing the natural frequency. 


equals times & of original spring 


with respect to force applied at mass equals 





- t where 7' is tension of spring. 


ROTATIONAI 


NATURAL FREQUENCY 


Natural frequency of a torsional system ts: 


i 
V7 

Note that k, is not in units of Ib/in., but in in.-lb of 
torque required to cause one radian of angular motion of 
the point of torque application. When this point is part 
of a pivoted mass having physical moment-of-inertia /, then 
the natural frequency of this angular motion is given by 
the above formula. “A balance-wheel of a 
familiar example. 


t 


watch is a 


EFFECTIVE TORSIONAL SPRING CONSTANTS 


Linear spring of constant &; 


j boy 
t 


ane 


Cantilever beam under uniform bending moment 
£1 
l 


Beam with both ends fixed and moment applied at 
center 


«4 16 El If ends pivoted, substitute 


l 12 tor 161n equation. 


| 


TORSIONAI 
MEMBERS 


Round Shaft 


"r- (r) 

Rectangular 
0 £0) 
ous ( ~ 12a! IC 


SPRING CONSTANTS FOR SHAFTS AND TORSION 


Cross-Section 


r r l 
b , . 3 


X 


3 a + 














Square Cross-Section 


G 
A O 1406 0* ( ) 


) permisst n from Formulas for Stress and Strain, dy 


righted, 1943, by McGraw-Hill Book Co., In 


(continued on page 


«---D -o 


' 





o- 








= 





E q uatic nN 


Roarke, copy 
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LOWEST 
INSTALLED COST 


bg 25% 10 85% 





Nat 
HEL 


free. 














Pre-insulated Terminals 


in Strip Form on Reels. 


Stripped wire 
inserted in ter- 
minal barrel 
for crimping. 








Pre-Insulated 


Terminals and Connector. 
Automatically Applied ™:: 


q (Fully protected by U. S. Patent 2410321) 
Do you realize that you can produce fully insulate 


uniform electrical connections FASTER and CHEAPE 
than by any other method —with the exclusive AM Mi: 





Automatic Machines and patented ‘‘Plasti-Grip”’ prq ..° 
insulated terminals in strip form. 


Every connection so made is completely identico} -— 





Investigate AMP Automatic Pre-Insulated Sold 
AMP Pre-lnsulated Terminals oe ; = 
in a variety of shapes sup- Wiring! Write, wire or phone today! 
plied in pre-formed metal 
strip wound on convenient 


reels For wire sizes 22 t0 12. AIRCRAFT-MARINE PRODUCTS Inc. cs 


1323 North 4th Street, Harrisburg, Pa. 


~ , fe 
“PRECISION ENGINEERING Ja APPLIED TO THE END OF A WHE | 
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Natural Frequency Calculations (continued) 

















HELICAL SPRINGS AMPLITUDE OF FORCED VIBRATIONS 


- - In region of natural frequencies ) 
Axial natural frequency. Both ends fixed or both ends ( as iral frequ = 











free. Steady-state alternating force applied to mass suspended 
; Irom spring 
I & and m refer to the spring 
ow —f a = V itself. Formula gives funda- 
Y-~ mental frequency. t" 
Amplification factor 
2 
lransverse natural trequency. Negligible axial load. co tee oe 
é Q ; sulting Xs = 
: | | (°) 
Find appropriate con- pu 
oa | -— stant C for end con- IOS 
I / G 6 : alte wing 
BR \ \ _ . ditions from section on for 
D 26 + E natural frequency of 
Lara f uniform beams 
} \ 73,000 in. ‘sec for steel 
Ca Wi Wn C/Xst Ww X/ Xe 
J — id Y.02 1.0004 1.049 0.0 
: 0.05 1.0025 1 061 50 
a 0.10 1.0101 1 095 5.0 
Based on formula 141, by permission, from Mechanical Springs, 0.125 1.0159 1 100 + 7¢ 
Wahl, copyrighted, 1944 by Penton Publishing Company. 0.15 1.0230 1.118 + OO 
0.20 1 0417 1.15 3 00 
0.25 1 .0667 1.20 2 Zi 
“ oy : . 0.30 099 1.225 2? OOO 
Spring Constant of helical spring in shear. Spring with 0) 333 196 .: 1 778 
parallel ends. 0.35 1.139 1 30 1 44 
0.40 1.190 & Loan 
‘ 0.45 1.254 1 40 1 042 
bay 48 EIG 0.50 1.333 1.414 1 .QOO 
VV) —— ____ 0.55 1.434 1 50 0.800 
YW) w ll? (2G + E) +6GD 0.577 1 500 1 60 0 641 
v 0.60 1.562 1.70 0.529 
0 65 1 94% 1 739 0 500 
'ased on formula 154, by permission, from Mechanical Springs, 45 0.667 1.800 1.80 0 44¢ 
Wahl, copyrighted, 1944 by Penton Publishing Company.) 0.70 1.961 2.00 0.333 
0.707 2.000 ja 0. 24¢ 
ctor 0.75 2 28¢ 2 50 0 190 
: . “ ‘ 0 &O 2.77 2 75 0.152 
¥ In designing a helical spring of given deflection, load 0 817 500 5 00 0 125 
and allowable stress, the volume of wire will always be 0.85 3 60 50 ) 0X9 
lied nearly constant. (1). 895 5.00 + 0 0.0667 
TT For helical spring stress and deflection under load, refer : = oy : ; = ae 
1 ee : a : * e = SRY; R f 2R¢ 
‘ to chart “Helical Spring Design”, Wallace Barnes Co., 0 949 10.0 2K 0 0159 
Bristol, Conn. 0.9747 20.0 10 0 0.0101 
0.990 30.0 10 0 0 0025 
00 50.0 30.0 0 0004 
ef 1.0] 0 
sulat 1.024 20 0 
ve AM# Misc ELLANEOUS CASES _ : 
Where force is applied by moving the spring support 
i eT ' PI f Pi 
1p” pr String. W here member has only the rigidity of tension through a given amplitude of vibration 
Formula gives fundamental frequency. 
C) } Applied 
le i 
a + | T > Le Ee ee ee ET 
lenticol -— sn Vv; vie 
'r m > & 


| 
Rotating mass with its center 
from the normal axis otf rotation 


1A 2 (mM, + Me ’ 
» er : Value of x ( juals X/Xat 
fe Wis Mle 4 ’ 


1 in first column of 
oo 5 ae oe , ; : table above and x/x,, 
+- | in second column 


iD oF AWA | Un rs. If rotating shaft is springy member, treat it as a beam to 
find & at the principal mass 


rf I gravity « tank ( 
[wo degrees of freedom gravity a distance 





v 
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Every automobile built today — 


TR Ee 
N-A-X HIGH-TENSILE STEEL 


Since 1940, when Great Lakes 
Steel pioneered the application of 
high-tensile, low-alloy steel to 
cold-stamped automobile bumpers, 
there has been a growing trend to 
N-A-X HIGH-TENSILE STEEL in the 
automobile industry. 


Today, every car manufacturer is 
using the inherent better proper- 
ties of N-A-X HIGH-TENSILE STEEL 
for some part of his automobile. 


Bumpers and grilles — hoods and 
fenders—body panels and deck lids 
— frames and bracings — wheels 
and hub caps represent a few of 
many applications of N-A-X HIGH- 
TENSILE STEEL to the modern car. 


3 


4 ee 


BS ange de PAX, 


Balls, 
Batte 
Block 
Conn 
Conne 
Contr 
Coun 
Coun 
Differ 
Dowe 
Instr 
Insul: 
Isolat 
Lacqu 
Moto 
Moto 
Moto 


GREAT LAKES STEEL 


N-A-X Alloy Division * 
UNIT OF NATIONAL 


CORPORATION 


Detroit 18, Michigan 
STEEL CORPORATION 
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NEW MATERIALS AND PARTS 











INDEX OF ITEMS 








Product Manufacturer Page Product Manufacturer Page 





Balls, Sapphire... . : Linde Air Products Co...... ierciace: We Panelboard, Plug-In Square D Co 172 
Battery, Small Storage........Miniature Batteries....... »«« £68 Plastic, Heat Resistant Catalin Corp. of America 162 
Blocks, Pillow................Precision Products Co ; - 162 Pulleys, V-Belt Clutch. . Edgemont Machine Co . 164 
Connector, Multi-Contact Winchester Electronics Co. ; 164 Pump, Hydraulic Eastman Pacific Co 166 
Connector, Solderless Wire . thomas & Betts Co..... ; a Me Pumps, Helical Rotary. .......Syntron Co : : a 
Eonerolier, Temperature . Tees, Cie tee... 170 Relay Assembly, Indicator Guardian Electric Mfg. Co 166 
Counters, Electronic ‘ .. Potter Instrument Co., Inc. 172 al ney ; En Ren ep nase 

: ‘ Relay, Motor Starting Fssex Wire Corp 172 
Counters, Geiger Mueller. ..... Nuclear Development Lab .. 162 Relays, D-C Control Se 170 
Differentials, Mechanical . Arma Corp nisi abacs ne 161 Switch, Rotary Tap Eastern Specialty Co 162 
Dowels, Rust Resistant ...Holo-Krome Screw Corp 168 Switches, Pressure nity aM Saval Co. ; 168 
Instrument, Lettering ...Warigraph Co., Inc ere 166 Thermostats, Small ; Mechanical Industries Prod. Co. 161 
Insulation, Plastic Wire.......Brov.n Instrument Co ; 170 Timers, Flash . ......Haydon Mfg. Co., Inc 168 
Isolator, Vibration. : Barry Corp Siveiete anes : . 168 Tubing, Color Armored Samuel Moore & Co 170 
Lacquer, Oil-Resistant ....Dennis Chemical Co... ei 170 Unloader, Oil and Water A. Shelburne Co 164 
Motor, Miniature Drag Cup... Kollsman Instrument Diy 164 Valve, Solenoid .. Automatic Switch Co 170 
Motor, Sanitary ore The Louis Allis Co LO ae, | Valve, Solenoid Air .....Mechanical Air Controls, Inc 172 
Motors, Capacitor-Start Fan ilectro Machines, Inc =r 166 Valves, Ball-Type Check... Paul Valve Corp 168 










































homogeneous, the smooth balls cannot develop structural 
failures similar to those common to ferrous and non- 
ferrous metals. Sapphire hardness is second only to di- 
amond and coefficient of friction is 0.14 for steel pivot in 
sapphire ring. Limited quantities of balls 1 mm, 1/16 in., 


1 in. and 3} in. in diameter are available. 






Small Thermostats 


Mechanical Industries Production Co.. 217 Ash St 

Akron 3, Ohio. 
A series of Mighty-Mite thermostats incorporates triple 
insulation barriers of compressed silicone Fibreglas sleeve- 
ing. Of sealed construction, units are half the size of a 
cigarette and remain stable within calibration tolerances 
during extended service. Various models permit use in 
a wide range of temperatures as required in connection 
with air conditioning systems, appliances and fractional 
The Louis Allis Co., Milwaukee 7, Wis. horsepower motor controls. 





Sanitary Motor 


Type D sanitary motor for use in dairies, food process, 
canning and beverage plants is streamlined and free of 
cracks, recesses or depressions where food products can 
collect. Entire base is enclosed by the motor housing 
which is finished to a flat surface. Mounting bolt holes 
are located in accordance with NEMA standards permit- 
ting motor to be completely interchangeable with units 
now in use. Access to mounting bolts is through remov- 
able grille plates. Base design also permits use of a 
built-in conduit box, eliminating the usual projecting 
box supplied on motors of conventional design. Conduit 
can be brought into motor through side or bottom of 
housing, permitting the most advantageous power con- 
nection for the particular installation. Motor is supplied 
with Type C flange for pump applications and for opera- 
tion on standard and special voltages and frequencies. 





Sapphire Balls 





inde Air Products Co., 30 E. 42nd St., New York Mechanical Differentials 

ve Arma Corp., 254 36th St., Brooklyn 32, N.Y. 
Synthetic sapphire balls polished to a sphericity of less These small precision differentials can be used to com- 
thn 10/1,000,000 of an inch are being used in high- bine mechanically two components of motion such as 
temperature bearing assemblies and installations subject those measured by computing mechanisms and _instru- 
to ontact with chemical agents. Being unicrystalline and ment assemblies. Accurate translation of motions accord- 
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ing to predetermined ratios either additively or differ- 
entially is obtainable. Shaft diameters range from 3/16 
to § in.; work circle diameters from 2 3/16 to 34 inches. 
Gears have pitch diameters varying from 1.187 to 2.0 in 
and three grades of mesh with backlash tolerances rang- 
2 minutes of arc. 


ing from 24 + 12 to 3.5 + 





Rotary Tap Switch 
Eastern Specialty Co., Philadelphia 40, Pa. 

Tesco rotary tap switch has seven “‘active’’ positions and 
one “off” position in a single section rated at 5O amp 
continuous duty, 75 amp overload. As many as twelve 
sections in tandem can be operated in parallel. A cur- 
rent interrupter consisting of one or two microswitches, 
rated at 10 amp and operated by detent action, opens 
power circuit when switch is rotated to a new position. 
This nonarcing feature permits use in high voltage cir- 
cuits carrying inductive loads. Individual section di- 
ameter is 23 
studs : 


in. over bakelite housing, 34 in. over terminal 


length is 3 inch. 





Helical Rotary Pumps 

Syntron Co., Homer City, Pa. 
Helical-type power and idler rotors make operation of 
Model SPO axial flow, positive displacement oil pumps 
both pulseless and quiet. Suction port can be located in 
any position relative to discharge port and mounting can 
be either flange or base type. Shafts ride on four pressure- 
lubricated sleeve bearings and drive shaft has a me- 
chanical seal. Suitable for all types of lubricating and 
hydraulic oils, two sizes of pumps deliver from 50 to 75 
gpm at 1,750 rpm under pressures up to 125 psi. Pipe 
connections measure 14 or 2 in. and housings are 43 in. 
wide, 5% in. high and either 104 or 124 in. long. Drive 
shaft is 3 in. in diameter 
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Pillow Blocks 


Precision Products Co., 815 Pryor St., SW., Atlanta, Ga 
Line of pillow blocks combines a cast iron housing with 
oil-impregnated porous bronze bushing for light indus 
trial uses. Ample oil capacity is provided by high porosity 
of bushing and groove machined in housing. Bore, thrust 
face and mounting holes are accurately machined per 
mitting installation from specifications. Shaft diameters 
vary from 3 to IL in. in six sizes 


Heat Resistant Plastic 
Catalin Corp. 
16, N.Y. 

A thermosetting phenolic plastic having a hard, lustrous 
finish is unaffected by ambient temperatures up to 325 
Fahrenheit. It can be used for appliance handles and 
knobs where resistance to scratching and abrasion as well 
as appearance are important, or in industrial applications 
where minimum water absorption, dimensional stability, 
and chemical inertness are desirable. Available in four 
non-fading colors, rods, tubes sheets and special cast 
shapes can be produced in small-run quantities. 


of America, One Park Ave., New York 





Geiger Mueller Counters 
Nuclear Development Laboratory, P.O. Box 76 
Kansas City, Mo. 
Three models of specialized Geiger Mueller counter 
tubes are self-quenching, unaffected by temperatures be 
tween —70 and +120 C and operable at high over 
voltages or in “continuous discharge” without detrimen- 
tal effects. Model GC1-7 all-metal cosmic ray counters, 
Aucust, 1948 
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NEWEST THING IN ELECTRIC MOTORS! two-bearing motors that will give more than 


ENGINEERING 


For many applications the desir- 

ability of smaller, lighter, more 

compact motors has been well rec- 
ognized—but not until the devel- 
opment of the axial air-gap motor by Fairbanks- 
Morse engineers has the need been filled. Here, 
then, are motors that will blend with the con- 
tour of the driven member . . . motors that are 
lighter, smaller, and more compact . . . sturdy, 


*Air-gap dimension is measured parallel 

m to the axis of the shaft as compared to a 

radial dimension in a conventional machine, 
© 


the required performance. 

Perhaps you have already heard of the axial 
air-gap motors. That would be because they 
have already been proved on thousands of 
installations during a long period of test. If 
you would like to learn more about them—or 
any of the widely known line of conventional 
Fairbanks-Morse motors—see your Fairbanks- 
Morse representative. 


FAIRBANKS-MORSE 


A name worth remembering 


DIESEL LOCOMOTIVES « DIESEL ENGINES + STOKERS + SCALES » MOTORS « GENERATORS 
PUMPS « RAILROAD MOTOR CARS and STANDPIPES « FARM EQUIPMENT » MAGNETOS 
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top of illustration, have no insulation around discharge 
region, minimum terminal capacitance and an increased 
ratio of effective to overall size. Model BC7 thin-wall, 
aluminum units, center of cut, are suitable for beta rays 
200Kev or higher, and for X, gamma and cosmic radia- 
tion measurements. Model B7 bell-type thin window 
counters, bottom of illustration, are for measurement of 
the softest beta and alpha radiations. Uniform mica 
windows in various thicknesses are available in 15/16, 
14, 14, and 2 in. diameters. 








V-Belt Clutch Pulleys 


Edgemont Machine Co., 2140 Home 

Ohio 
Quick release, reduced belt wear and positive take-up 
for wear are design features of these single or double 
groove combination clutch pulleys. Take-up mechanism, 
sheaves and clutch assembly are integral for compactness 
and strength. Clutch is furnished in ratings of } to 3 
hp at 100 rpm with shaft sizes ranging from 3 to 1} in. 
Assemblies carry V-belt pulleys having one Type-B groove 
of 34, 44 or 5 in. pitch dia, or two Type B grooves of 
44 or 5 in. pitch diameter. Adapters for mounting 
sprockets or gears are available for specific applications. 


Ave., Dayton 1, 





Multi-Contact Connector 


Winchester Electronics Co., 6 E. 

7... 
Seven and fifteen contact connector assemblies have tele- 
scoping barriers to provide long creepage paths. Molded 
melamine bodies carry machined silver-plated contacts 
that insure low resistance, freedom from corrosion and 
ease of soldering. Aluminum hood with cable clamp fits 
either end of the assembly. Connector is especially suit- 


46th St. Ne Ww York 
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able for military and industrial applications where mini 
mum weight and bulk consistent with electrical requit 

ments are required. Breakdown voltage between contacts 
is 7500 d-c and 5,300 a-c; flashover distance between 


7/2 


pins is 32 inch. 





Oil and Water Unloader 
A. Shelburne Co., 739 Ceres Ave., Los 
Calif. 
Accumulated water, oil and foreign matter are auto 
matically removed from air compressor tanks by the 
Lansdale unloader. Unit is designed for use with 1 to 
5 hp electrically operated air compressors equipped with 
centrifugal or magnetic unloaders. When the standard 
device unloads preparatory to next pumping operation, 
Lansdale unit passes collected matter from bottom of 
tank. Standard pipe fittings can be used to adapt device 
to tank opening. 


Angeles 2 





Miniature Drag-Cup Motor 


Kollsman Instrument Div., Square D Co., 8008 51) 

Ave., Elmburst, N.Y. 
Two models of miniature drag-cup motor can be applied 
where motors are not generally used. In addition to 
standard follow-up motor applications, units can serve 
as dynamometers for low torque measurement, in control 
mechanisms to obtain variable speed and torque through 
voltage control and as a backlash reducing medium in 
gear trains. Weighing 7.6 oz and having a length of |.9 
in. and a diameter of 1.7 in., motors are fast starting and 
stopping, have maximum torque at stall, and do not 
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Piping equipment from “A to Z” 
eee from the complete CRANE line 


That’s why so many “‘specs’’ read: Crane or Putting the responsibility on Crane for all 
equal. Designers know that selecting every- piping equipment saves time in your drafting 
thing in vital flow control equipment from room... simplifies buying and storekeeping; 
the complete Crane line is often the surest, speeds assembly line operations in the plant. 
and simplest, way to protect the operating Moreover, your product gains added value. 
efficiency of any machine. For buyers know that Crane Quality stands 
Take this fuel oil pump and heater unit, for ex- unsurpassed for more than 90 years. 
ample. All valves, fittings and piping acces- CRANE Co., 8368S. Michigan Ave., Chicago 5, Ill, 
sories are from Crane. For every type of system Branches and Wholesalers 
. regardless of design . . . or fluid to be Serving All Industrial Areas 
handled .. . one catalog gives you complete 
selection and specifications for the best in 
ee - ae SOURCE OF SUPPLY 
brass, steel, iron or alloy piping materials. 
RESPONSIBILITY 


STANDARD OF QUALITY 








ENCO Fuel Oi] Pumping and 
Heating Unit by The Engineer 


ae See Booaeer FOR OIL OR OIL VAPOR SERVICE 
on fuel pumps, as above, at maximum temperatures of 500 deg. F., 
Crane recommends No. 143X Cast Steel Globe Valves. Seating is 
Exelloy to Exelloy, offering high resistance to wear and corrosive 
effects. In sizes 2 in. and larger. See your Crane Catalog, p. 324. 


EVERYTHING FROM... 
VALVES « FITTINGS 
PIPE « PLUMBING . 
AND HEATING 
FO 
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overheat under continuous operating conditions. One 
model runs at 3,000 rpm, on 115 v, 60 cycles; the other 
at 5,000 rpm on 115 v, 400 cycles. Maximum stall torque 
for both models is 0.32 to 0.41 ounce-inch. 





Memory Relay 


Phillips Control Corp., 612 N. 

cago 1, Ill. 
Phil-trol memory relay No. 27-27 consists of two mechan 
ically interlocked latched relays and a single-pole, double- 
throw snap switch operated by an interlocking bar. When 
one of the latched relays is energized, its armature pulls 
up locking bar which in turn closes snap switch to one 
position. Switch remains in this position until second 
relay is energized causing locking bar to close switch in 
other throw position. Applications include operation of 
servo-motors, controlling aircraft flaps, landing gear and 
propeller feathering devices. Relay unit is supplied for 
all d-c voltages to 230 v, from 1 to 5 poles, single or 
double throw with contact capacity of 10 to 20 amp 
Overall dimensions are 43 x 24 x 22 inches. 


ae =—— 


Ave., Chi- 


Michigan 
§ 








Lettering Instrument 
Varigraph Co., Inc., Lincoln 3, Neb 

Lettering instrument reproduces letters to any desired 
width combined with any desired height between 0.075 
and 0.75 in. from one template directly in ink or pencil. 
Size of letters is controlled by positioning the two knobs 
Instrument slides along straight edge as letters are re- 
produced. Template is carried by instrument and slides 
left or right to position desired letter in instrument. Unit 
can be used with equal ease by either left or right handed 
person. For left handed operation, instrument is placed 
so that lettering arm is to the right of operator. 
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Hydraulic Pump 

Eastman Pacific Co., 2320 E. Sth St., Los Ange 

21. Calif. 

A full-floating hydraulically balanced rotary valve has 
been designed into the “nutating plate’ piston type hy- 
draulic pump. Ported valving disk rotates with dri 
shaft that carries ‘‘nutating’’ wabble plate. Point con- 
tact of reciprocating pistons on plate results in zero side 
thrust and minimum wear of parts. No packing is re- 
quired and rotation can be reversed by making one simple 
adjustment. Pump can be manufactured in all capacities 
commonly used for hydraulic systems 


@ 


Capacitor-Start Fan Motors 
Electro Machines Inc., Cedarburg, W 


Type C split phase capacitor-start fan motors can be as- 


sembled to meet several types of mounting and switching 
specifications. Totally enclosed steel housing can be of 


standard welded foot construction, have extended through 
bolts or removable bolted-on base, or be adapted for 
special mounting requirements. Two-speed pull ch. 


switch can be built into frame or be separate. Available 
with ratings from 1/20 to } hp, 115/230 v a-c units 
applicable to direct connected fans, blowers. unit heaters 


and related equipment 








Indicator Relay Assembly 
Guardian Electric Mfg., Cc 
Walnut St., Chicago 12, Ill. 

Type T-11 relay banks are designed for indicator cin 

where numbers and animation as lights and of 


Dept. T-11, 1637 W. 
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There’s a NEW 


Freedom of Design with 
BATH CONTOUR FORMING 


Forming frieze 
molding from 
aluminum extru- 
sion. Note that 
only one die is 
used, instead of 
customary two. 


Showing alumi- 
num sash frame 
formed for motor 
buses. 


Main body 
frame for parcel 
truck formed in 
one piece from 
large aluminum 
extrusion, 


Pitch that high-die-cost barricade to one 
side and give the go signal to your 
draftsmen and engineers to proceed 
with those improved designs involving 
curved metal parts. For BATH can form 
to blueprint at surprisingly low die and 
forming costs. 

High-alloy materials are cold-formed 
into a wide variety of shapes with pre- 
cision accuracy, without wrinkling or 
buckling, by means of BATH forming 
methods. Bends of varying radii and 
compound and reverse curves present 
no difficulties. 

BATH Contract Forming offers a new 
freedom of design by removing the red 
stop light of high die cost. Write for 
booklet or send your blueprints and 
engineering details. 


Free Gooklet [Contac Forming 
12 page booklet—with phot re 
page bookle photos Daa, 
Pan 


of production work and de- 
tailed information on wide | 
range of cost-cutting possi- — 
bilities in BATH Contour Form- 


ing—yours for the asking. [ tere 





“The 


CYRIL BATH COMPANY 


6987 Machinery Avenue 


Cleveland 3, Ohio 
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sound are in sequence. When a coil is 
energized, the armature movement re- 
reset arm. Fibre lifter located 
on the shank of reset arm actuates 
switch combinations in the desired se- 
quence, depending upon position of 
the arm. Lower bar extending across 
entire bank resets the arm and arma- 
ture on the relays. Bar can be actuated 
manually, mechanically or electrically 
with a solenoid. Applications include 
locking of ringing circuit in alarm and 
call systems, protection against over- 
loads in systems rated at 5, 10 or 15 
amps and tilt 


leases 


indicators. 





Small Storage Battery 
Miniature Batteries, Box 617, Syca- 
more, Ill. 

Miniature 2-plate, lead-acid storage 
battery provides 2 v d-c for 18 hr 
continuous service in hearing aids and 
other applications. One-piece plastic 
case measures 1} x % x 33 inches. 
Filler plug is spill-proof and non-free- 
flowing electrolyte is visible through 
case. The 5 oz assembly is recharged 
in 6 hr from a small charger powered 
from standard 115 v a-c line. Volt- 
age output can be varied according to 
specifications through use of built-in 
resistance units. 


Rust-Resistant Dowels 
Holo-Krome Screw Corp., Hartford, 
Conn. 

A black lustre finish is being applied 
to steel dowel pins as a rust preven- 
tive and lubricant. The lubricating 
property of the finish permits pins to 
be driven into position easily and 
quickly and decreases scoring of both 
pins and mating parts. The hardened 
pins are available in the complete 
standard range of sizes. 
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Ball-Type Check Valves 

Paul Valve Corp., 683 3rd Ave., 

Neu York if. N. 
Actuated by cam, lever, solenoid or 
diaphragm, Series VBA check valves 
utilize hydraulic pressure to seal ball 
in venturi-shaped body. Pressure of 
9 psi on stem forces ball from seat of 
5 in. unit that passes 25 gpm at 50 
psi. Freely rotating ball wears evenly 
on either of two seats that permit flow 
in both directions and in any position. 
Stainless steel, Monel bronze or other 
specialized materials can be used in 
these valves that are available in }, 
* and 1 in standard NPT thread sizes 
for pressures up to LZ pounds per 
square inch. 





Pressure Switches 
Saval Co., 1915 E. 
Angeles 11, Calif. 

Type 9048 pressure switches are suit- 

able for automatic operation of se- 

quence valves and control of pres- 
surized systems containing oil, fuel, 
freon, gas or air. Designed to make 
or break an electrical switch in ac- 
cordance with pre-set pressures, unit 
can be made to operate throughout 
full range from 100 to 5,000 psi. Self- 


Si., £08 


S1st 





A N OD PAR Tf & 
compensating for temperature changes, 
switch maintains constant setting from 

50 to -+150 Fahrenheit. Elec. 
trical and pressure connections can be 
altered to meet special applications 
Flasher Timers 

Haydon Mfg. Co., Inc., Torring- 

ton, Conn. 
Series 5400 interrupter or flasher 


timers can produce over forty different 
accurately timed pulse rates in_ the 
range from 1 to 72 pulses per minute 
Measuring 3 in. high, 2 5/16 in. wide 
and 23 in. deep, units consist of a 
synchronous timing motor that drives 
a 4-lobe cam, a steel wire cam follower 
and a small switch rated at 5 amp at 
125 v alternating current. Intermit 
tent pulses are fed to controlled cir 
cuit in equal ‘“‘on” and “‘off’’ periods 
Units are applicable to electronic heat- 
ing or cooking circuits for prolonging 
tube life, and to other light duty uses 
including advertising devices and 
variety of novelties. 














Vibration Isolator 
Barry Corp., Cambridge, Mass. 

Air damping is utilized to minimiz 
snubber contact in this spring-typ' 
vibration isolator. Stainless steel non 
linear springs provide resonant fr 
quencies throughout a 1 to 2 |oa 
range. Vertical resonant frequency 
8 cps, horizontal stiffness 35 percet 
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ADVANCE TECHNICIANS head The answer 


Michiana Products Corporation, Michigan City, Ind., 
fabricates metal products for many of the country’s 
leading manufacturers. For one of its varied products— 
oil filters for internal combustion engines— Michiana 
needed a fast-drying lacquer with a high adhesive 
quality for covering lead-coated tin plate. Advance 
Paint Company technicians were given the problem. 

Advance, after thorough research, came up with the 
answer to Michiana’s problem... a single-coat lacquer 


with a high adhesive factor. With this lacquer, Michi- 


PAINT COMPANY 
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ana finishes 17 oil filters in one minute and 45 seconds. 
This automatic operation permits immediate packing 
as the dry filters come off the production line. 

This lacquer is but one of the many Advance prod- 
ucts which Michiana has used for more than 15 years. 
It typifies the know-how with which the Advance 
Paint Company has served industry during the past 
half century. 

Advance technicians can help you solve your finish- 


ing problems. Write for their recommendations. 


Manufacturers of Industrial Finishes 
Y 
ut PAINT COMPANY 
ee | INDIANAPOLIS, INDIANA 
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of vertical stiffness. Available in four 
range sizes—1 to 2 lb, 14 to 3 lb, 23 
to 44 Ib and 3 to 6 lb—units are 
suited for application to many types 
of instruments and delicate equipment 
subjected to vibration. 





Color Armored Tubing 
Sannel Moore & Co., Mantua, Obio 

Rub-Bub 

being applied as structural members 


color armored tubing is 
of frame furniture, fixtures, guard 
rails and color-coded fluid lines. Plas- 
tic sleeve 1/32 in. thick is easily 
cleaned and sufficiently tough to re- 
sist shocks without cracking, fracturing 
or peeling. It is impervious to mots- 
ture, salt air, hand and food acids, oil 
and grease. Elasticity is maintained at 
temperatures between —30 and 
+-190 Fahrenheit. Green, yellow, red, 
brown, blue. and gray armor can be 
deposited on any diameter steel, alu- 
minum or magnesium tube. 


Oil-Resistant Lacquer 

Dennis Chemical C 2701 Papi 

St., St. Louis, Mo. 
Metal lacquer No. 5062 has been de- 
veloped for use where oil resistance, 
toughness and maximum adhesion are 
required. Finish will withstand 24- 
hour immersion in gasoline and 15- 
minute immersion in hot oil at 275 F 
without deterioration in film strength 
or gloss. Coating has excellent ad- 
hesion to a variety of metal surfaces 
and has found particular application 
over ‘‘Cronak”’ treated metals. A com 
plete line of colors is available. 
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Temperature Controller 
Thomas A. Edison, Inc., Instru 
ment Div., West Orange, N.]. 

Non-indicating ‘‘on-off’’ type elec- 

tronic temperature controllers permit 

accurate, remote control of solid, gas 
or liquid temperatures. No thermal 
compensation is mecessary and re- 
sponse time is less than three seconds. 

Device utilizes single electronic tube 

with resistance type bulb. Various 

models cover temperature range from 

—100 to +1,200 F and adjustments 

can be made within a range of several 

hundred degrees. Load capacity is 30 

amp at 115 v, 20 amp at 230 v, 

alternating current. Unit weighs 8 Ib 

and measures 5 x 5 x 10 inches. 





D-C Control Relays 
Square D Co., 4041 N. Richards St., 
Milwaukee ee Ws. 
Type Q and R multi-pole d-c relays 
have straight line vertical solenoid ac- 
tion that minimizes the effects of shock 
and vibrations. Applicable to machine 
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tool controls, relays utilize double 
break, silver-to-silver contacts that ar 
to normally closed operation. Contac: 
readily converted from normally open 
parts are interchangeable with those ot 
corresponding a-c devices. Insulated 
from steel mounting plates, units carry 
accessible two wire terminal clips fo: 
multiple connections. Type Q is avail 
able with from 2 to 6 poles and th 
large Type R assemblies come with 
from 2 to 5 poles in any combination 
Both relays are suitable for use on d 

voltages up to 250 volts. 





Solenoid Valve 

Automatic Switch Co., Orange, N. | 
Type PFVAA solenoid shut-off valve 
will handle gas, water, light oils and 
other non-corrosive liquids and gases 
up to 1,500 psi and 160 Fahrenheit 
Unit opens when energized, closes 
when de-energized, and incorporates 
coils wound for continuous duty ser\ 
ice. Operating frequencies range from 
150 times per minute for liquids and 
200 times per minute for gases. Body 
is forged brass with removable stain 
less steel seat and one-piece piston and 
disk. Parts fit } in. pipe threads and 
operation is from 110, 220 or 440 
25, 30, 50, or 60 cycle a-c lines; o1 
115 and 230 v d-c lines 


Plastic Wire Insulation 
Brown Instrument Ca: j 
Wayne Ave., Philadelphia 44, Pa 

Thermoplastic resin is replacing © 

ber as the primary insulating material 

on thermocouple extension wire. The 
polyvinyl chloride material permits 

a reduction of overall wire diameter 

and provides a permanent covering 
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Heres Hou CLUTCH HEAD Breage 
Slou-dowu To 4 Show-down... 


. . . the slowdown resulting from the use of fastener equipment that fails to measure up to 
the high speed tempo and safety requirements of today’s modern assembly line production. 


The Slowdown Of Poor Visibility is countered by CLUTCH 
HEAD’S wide roomy recess an easy-to-hit target 
that inspires confidence and speed . . . even with “green” 
operators. 


The Slowdown of Burred and Chewed-up Heads, the result of 
driver canting, is checked out by CLUTCH HEAD’S 
Center Pivot entry in dead center for automatic straight 
driving. 


The Slowdown of Skid-Fear is eliminated by non-tapered driv- 
ing engagement . . . exclusively a CLUTCH HEAD fea- 
ture ... Note the straight sides of the bit that engage 
the straight walls of the recess for absence of dangerous 
“ride-out” as set up by tapered driving. 


The Slowdown of Refinishing Skid Damage takes a heavy toll of 
1e and money. The safety and certainty of 
CLUTCH HEAD’S non-tapered driving is 
jited by users with the elimination of dam- 

to fine surfaces. 


Only America’s Most Modern Screw offers this 
unique combination of features. Send for screw 
assortment, sample Type “A” Bit, and illus- 
trated Brochure. Make your own appraisal and 





The Slowdown of Operator Fatigue is also cancelled out by the 
non-tapered drive. No “ride-out” means easier, smoother 
driving with no end pressure to combat 
end-of-the-shift lag. 


. therefore, no 


The Slowdown of ‘‘Fumble Spots,’”’ involving two-handed reach 
ing into inside spots, is solved by the CLUTCH HEAD 
Lock-On. A simple reverse turn unites screw and bit as a 
unit for one-handed driving and easy access to inside as 
sembly points. 

The Slowdown of Tool Changing is offset by the rugged structure 
of the Type “A” Bit which has an established record of 
driving 214,000 screws non-stop. Note too, that this bit 
may be repeatedly restored to original efficiency by a 60 
second application of the end surface to a grinding wheel. 

The Slowdown of Field Service is checked out by the basic de 

sign of the Clutch Recess for operation with a 

common screwdriver or any flat blade 

which need only be reasonably accurate in 
width. 


you will understand why users report produc 
tion increases ranging from 15% to 50% over 
all other screws recessed heads and hexa- 


gons, as well as slotted. 


UNITED SCREW AND BOLT CORPORATION 


CLEVELAND 2 
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that is stable under most ambient con- 
ditions. Insulation is ideal for color- 
coding as no fading occurs through- 
out life of the wire. Exposure to 
alcohols, oils, greases, ozone, mois- 
ture and varying weather conditions 
does not result in swelling, cracking, 
stickiness or general deterioration. In- 
sulating and physical properties are 
unaffected in temperature range from 
~30 to +250 F. Charring occurs ai 
higher temperatures. 





Motor Starting Relay 
Essex Wire Corp., R-B-M_ Dviv., 
Logansport, Ind. 


Balanced armature of this series or 
current type motor starting relay per- 
mits operation in any position. Beryl- 
lium-copper leaf spring contacts, in- 
dependently adjusted for pick-up and 
drop-out provide positive operation 
over the voltage range from 90 to 
130 volts. Relay is totally enclosed in 
phenolic case with either screw or 
solder terminals. Two dummy termi- 
nals are included for convenience of 
wiring. Approximate dimensions are 


1Z x 1 15/16 x 5/16 inches. 


Solenoid Air Valve 
Mechanical Air Controls, Inc., 3049 
E. Grand Blvd., Detroit 2, Mich. 

Balanced, poppet-type 4-way solenoid 

air valve provides full 3 in. orifice for 

controlling double-acting cylinders. 

One moving part consists of a piston 

that carries two small O-rings. Hard 

chrome seats integral with bronze body 
provide positive seals against the rings. 

Straight-through flow minimizes pres- 

sure drops through valve. Direct 

solenoid control utilizing 2.4 amp at 

220 v a-c assures quick, fast operation 

for any air application. 
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Solderless Wire Connector 

Thomas & Betts Co., Elizabeth, N. J. 
Quick, permanent wire joints can be 
made with Type RB-4 solderless con- 
nectors. Designed to meet require- 
ments of fixture and appliance man- 
ufacturers, connector consists of high- 
strength, high-dielectric plastic insula- 
tion permanently molded around a 
seamless bronze barrel. Complete con- 
nection and insulation is accomplished 
in one operation. Use of a wide range 
of wire sizes and combinations has 
been approved by Underwriters’ Lab 
Large diameter skirt per- 
mits accommodation of large diameter 
insulation. Units are availab!e in all 
standard colors. 


oratories. 





Counters 


Electronic 


Potter Instrument Co., Inc., 136-56 
Roosevelt Ave., Flushing, N. Y. 


Multiple sequence electronic counters 


PRODUCT 
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can predetermine any number of s 
lected counts occurring in sequen 
Unit illustrated handles three differe: 
counts each of which can be any nu 
ber from 1 to 10,000. Four-tube elec- 
tronic counter decades are used in con- 
junction with high speed mercury ty] 
relays that are individually energiz 
at the completion of each count 
Equipment can be used for controllin 
automatic screw machines and simila: 
processes that customarily utilize cam 
gears or timing contours. When us 
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for measuring lin ft of wire, control 
functions can be made to automatically 


operate the shear, change spools an 
operate test equipment, all as a func- 
tion of linear measurement through 
counts. Through the use of a time- 
base frequency at the imput, counting 
system can be used to establish any 
number of time intervals. 
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Plug-In Panelboard 


Square D Co., 

Detroit 11, Mic 
Color and letter coding simplifies wir- 
ing of panelboard that incorporates 
plug-in type circuit breaker units. 
Three phase 4-wire arrangement pet- 
mits phase identification of branch 
circuits by coloring and __ lettering 
branch terminals corrected to the three 
phases. A split-bus arrangement pr 
vides for distributed phasing of A 
and B circuits and group phasing « 
Two-pole 208 v_ circuits 
can be obtained by connecting to ad- 
jacent A and B terminals. The “plug: 
in’ feature permits easy, quick re- 
moval or installation of circuit brea 
ers, giving flexibility in circuit rating 
as well as providing for circuit d- 
dition. 


0000 Rivard ») 


C circuits. 
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DON’T LET THE SMALL SIZE OF 


CONE-DRIVE GEARING 
FOOL YOU 


Cone-Drive gears are “double enveloping.” That means 
more contact per tooth, and more teeth in contact. Compact, 
light weight standard Cone-Drive reducers and gearsets will 
take on any other right angle reduction gearing of comparable 
size and give it odds. Here are a few random examples. Tell 
us about your gearing problems. We may be able to help you 





improve them and reduce costs. 





500 hp (Class | Service) 


distance speed reducer 
typical of the many wh 





MOTORIZED CONVEYORS 


These standardized pivoted conveyors for carry- 
ing away filled bottles in various Schenley plants 
are each driven at 80 ft. per minute by a standard 
Cone-Drive 3" Center Distance reducer. Com- 
pactness, freedom from trouble, 
and light weight are a big asset 
here as in many other Cone- 
Drive installations. 
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= = 24” CENTER DISTANCE 
This Cone-Drive 24" center 


have replaced conventional 
reducers that failed. Reason? 
Much greater load carrying 
capacity size for size. Stand- 
ard reducers are available 
up to 18” C. D. (800 hp.) 
Semi-standards up to 48" C.D. 


is 


ich 





CRANES 
AND 
HOISTS 


Smaller Cone-Drives handle bigger loads, 
stay put, increase operating speed. Well- 
man Engineering Co., Cleveland, O., in its 
new 6-ton cranes, for instance, uses a 6” 
Cone-Drive to move crane along rails, and 
a 10” Cone-Drive for rotating the boom. 
For equal horsepower it would have been 
necessary to use a 16” center distance 
conventional gearset for boom rotation. 
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MIDGET 
all-purpose relay 






WHERE. 


BASIC Multiple pole—positive contact, 
features Ward Leonard 106 Relay 























DESIGNS 


An all-purpose relay, Ward Leonard’s 106 
Midget is designed for positive contact and 
IN Jong life. Solid floating contact support 
and compression spring loading assures 
ataAt time =POSitive Contact with generous wipe usually 
obtained with individual flexible contact 
fingers. Normally closed contacts are free- 
CONTROLS floating for greater reliability. Available in 
a dozen or more multiple contact arrange- 


ARE ments. 

Here is another example of Ward Leonard 

RESULT. “Result-Engineering”’. By modifying a basic 

design, Ward Leonard can give you the 

results of a special . . . for the cost of a 
standard 

Write for Bulletin 106. Ward Leonard 

Electric Co., 63 South St., Mount Vernon, 

N. Y. Offices in principal cities of U. S. 

and Canada. 


WARD LEONARD = 
ELECTRIC COMPANY 

















NEW BOOKS 


Introduction to the Physics 
Of Metals and Alloys 


WaLTeER Boas. Farst U.S. Editio: 
193 pages, 6 x 94 in. Published t 
John Wiley & Sons, Inc., 440 Fourt 
Ave., New York 16, N. Y. $3.50 





Metallurgists and chemists will fin 
a wealth of material in this compa 
well-organized book. As the auth 
writes in the foreword, the subject 
the book is the development of tl 
physics of metal, and the aim is to 
explain metal and alloy properties 
terms of atom properties. This know 
edge can be used to produce a mat 
rial with a desired set of properties 

The first portion of the book is « 
X-ray diffraction methods and simp 
crystallography. Succeeding — sectio1 
show how the crystalline structure 
metals is altered by plastic defor: 
tion, alloying and heat treatment 

Mathematic treatment has 
avoided as far as possible and 
covered by standard texts on phys! 
metallurgy have been omitted 


Frequency Modulation Vol. I 


Edited by: A. N. GOLDSMITH, A. | 
VaN Dyck. R. S. BuRNapP, E 
DIcKEY, avd G. M. K. BAKER. 515 
pages, 6 x 94 in. Seventh volume 
Technical Book Series published 
RCA Review. Radio Corporation 
America. Princeton, N. |]. $2.' 


clotbhoard covers ; $1.50, paper 


Prepared for use by scientists, eng 
neers and others concerned with trans 
mission of modulated radio waves, 
this volume covers the developmental 
period between 1936-1947. The sub- 
ject matter is divided into four main 
classifications: General, transmission 
reception and miscellaneous. Each sec- 
tion contains technical papers print | 
in full and summaries of papers w th 
original publication data. 

Papers in general section cover the 
characteristics of FM broadcasting p 
theory and experimental data that 
show improvement in signal-nos¢ 
ratio effected by frequency modulat 
over amplitude modulation. Transmis 
sion section papers cover FM f: 
signal generation to detection, w! 
reception section concerns ranges, [r¢ 
quencies and units for good results 
Papers in the miscellaneous section 
discuss: Duplex transmission of IM 
sound and facsimile, use of subcarrie: 
FM in communications, transmission 
through networks, and use of electron 
beams for control. 

These papers are taken from al 
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five major sources and are dated so 
that their chronological position can 
be determined. 

Appendix I contains a bibliography 
0 ion 75 technical papers by RCA 
authors published during the 1936- 
1947 period. Appendix II contains 
summaries of eight papers on FM sta- 
tion placement and survey techniques. 


Stress Analysis and Design 
Of Elementary Structures 


JAMES H. Cisse, Professor of Struc- 
tural Engineering, University of Mich- 
igan. Second Edition. 419 pages, 
61 x 94 in. Published by John Wiley 
& Sons, Inc., 440 Fourth Ave., New 
York 16, N.Y. $5. 


This is a revision of a textbook on 
the stress analysis and design of simple 
structures that confront the civil engi- 
neer. About half the material is 
equally useful to the mechanical engi- 
neer. These topics include beam 
theory, concentrated loads, dynamic 
loads, properties of sheet and _ strip 
steel, elastic stability, plate girders and 
similar subjects applicable to the field 
of mechanical design. 


Elements of Nomography 


RAYMOND D. Douctass, Professor of 
Mathematics, and DouGLAS P. ADAMS. 
Assistant Professor of Graphics, bot! 
f Massachusetts Institute of Tech- 
ology. 209 pages, 63 x 91 in. Pub- 
lished by McGraw-Hill Book Co., Inc.., 
330 W. 42nd St.. New York 18, N. Y 


$3.50. 


Construction of alignment diagrams, 
or nomographic charts, for ordinary 
purposes is an extremely practical task. 
This volume explains how, in all 
branches of engineering, the sciences 
and industry, where mathematical 
formulas are put to repeated use, the 
simple types of nomographs can be 
helpful. Furthermore, these tools can 
be constructed with elementary theory. 
Practical points in scale adjustment 
are given. Six types of charts are de 
veloped. The final chapter suggests 
the possibilities in compound align 
ment diagrams, graphical devices, and 
analytic geometry diagrams. The whole 
forms an introduction to the subject. 


Symposium on Paint 
And Paint Materials (1947) 


Special Technical Publication No. 75. 
115 pages, 63 x 9 in. Published by 
the American Society for Testing Ma- 
terials, 1916 Race St., Philadelphia 3, 
Pa. Paper cover $2; cloth cover $2.65. 





different types 


Ward Leonard High Current Resistors 
light in weight, flexible in design, 
wide application 
Edgeohm, Loopohm or Barohm, Ward 


Leonard alloy ribbon resistors withstand 
shock. They are for high current applica- 


tions. To determine the type most suitable 


for a specific use—the resistance, maximum 
current, steps required, available space, vi- 
bration and other unusual conditions should 
be considered. 

This is Ward Leonard ‘‘Result-Engineer- 
ing”. So often, by slight modification of a 
basic design, Ward Leonard can give you 
the exact result you want—without the extra 
cost of a special. 

W rite for Resistor Catalog. Ward Leonard 
Electric Co., 63 South Street, Mount Ver- 
non, N: Y. Offices in principal cities of 
U. S. and Canada. 


WARD LEONARD 


WHERE 
BASIC 
DESIGNS 
IN 
ELECTRIC 
CONTROLS 
ARE 
RESULI- 
ENGINEERED 
a 

YOu 

















ELECTRIC COMPANY 


This includes ten papers on paint 
and paint materials. ‘Methods of 
Evaluation of Industrial Finishes,” 


RESISTORS - RHEOSTATS - RELAYS + CONTROL DEVICES 
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SHEETS © WIRE © TUBING © SOLDERS © FABRICATED PARTS AND ASSEMBLIES 


E. MAKEPEACE COMPANY 


UTM OLiilacae lil: Me tic Lee GaalcdclelacPmialeittelaalthy=5 ar 
NEW YORK OFFICE, 30 CHURCH ST. © CHICAGO OFFICE, 55 EAST WASHINGTON ST 





“Film Properties of Automotive and 
Appliance Finishes,” ““Metal Container 
Finishes,” ‘‘Marine Finishes,’ and 
“How Paint Technologists Can Use 
Statistical Methods’’ are of special 
interest to product engineers. “‘Stat- 
istical Analysis of Test Data on Ac. 
celerated Weathering of Panels” out. 
lines a procedure which will be of 
interest to those engineers who devote 
their time to finishes. 


Manual of Mathematics 
And Mechanics 


Guy ROGER CLEMENTS and 

THOMAS WILSON, Professors in 
Department of Mathematics, United 
States Naval Academy. 349 pages 
63 x 93 in., second edition. Published 
by McGraw-Hill Book Co., Inc., 33 
W. 42nd St., New York 18, N. Y 

We se 

This manual contains facts and 
formulas that are useful in courses in 
mathematics and mechanics in colleges 
and engineering schools. It can serve 
as an outline of essentials in studying 
and as a ready reference when there 
is need for these facts in practice 
Desired information can be found by 
use of the complete index. This edi- 
tion contains new material of value in 
solving electrical engineering _ prob- 
lems, and has revised and expanded 
tables. 

There is a good section on accuracy 
of computations involving measured 
values that contains an excellent dis 
cussion on rounding-off numbers. 

Logarithmic tables and various nu- 
merical tables are accurate to four 
places. There are tables of differentials 
and integrals, and discussion 
formulas for expansion in series. 

Other sections include: Mechanics 
properties of materials, electrostatics 
magnetism, electromagnetism, and def 
initions of terms used in heat, sound 


LEVI 


anc 


and light. Three sections covet 
mathematical formulas used in ele 


trical calculations for problems anc 
both a-c and d-c machinery. 


The Genius of Industrial Research 


ID. H. KILLEFER. 263 pages, 6} x 9} 
in. Published by Reinhold Publishing 
Corp., 330 W. 42nd St., New York 
18, N. Y. $4.50. 


Industrial research is an exciting yet 
methodical activity, which requires 
one of two basic approaches, if best 
results are to be attained is. the 
theme of this book. 

The dual nature of research—-putt 
and applied—is represented rathe! 
well by the difference between tht 
scientist and the engineer. Frequent 
the work of the former uncovers ! 
principle which leads to a new proc 
uct, while the new engineering ¢& 


such 
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Resilient2!—absorbs shock and strain with- 
out tearing—holds its shape under stress . . . all 
made possible by the tough one-piece, no metal 
construction of this BETTIS DUAL Pipe 
Wiper of Perbunan rubber. Perbunan was chosen 
for its ruggedness under heavy frictional wear 
and extremes of heat and cold plus its resistance 
to oils, tearing, and cutting. 





New uses for Perbunan are constantly being 
discovered in all kinds of industries . . . for 
flexible parts in plant machinery .. . and for the finished product itself. 
Perbunan’s long-wearing qualities and resistance to rubber-destroying 
fluids and temperature extremes have improved products and lowered 
Maintenance costs in many cases. 


Versatile Perbunan is readily adaptable to complex molds. It ean 

e compounded in varying degrees of hardness and combined with other plas- 
cs to improve their properties. For further information on the 

applications and compounding possibilities of Perbunan, please write to: 
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PERBUNAN 


REG.U.S, PAT. OFF, 


The special rubber that resists 
oilLair. water. heat. cold and time 


ENJAY COMPANY, INC. 
Esso Building 


15 W. dlst Street, New York 19, N. Y. 
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- ~S 
FLEXIBLE SHAFTS 


Wherever power drives or remote control are re- 
quired, you can depend upon us to produce the 
Flexible Shafts that will meet the exact specifica- 
tions. We have years of experience in manufactur- 
ing flexible shafting for all types of industry. If we 
do not have what you require in stock, we can 
make shafts to your specifications. Our engineers 
will be glad to work out your problems without 



























obligation. 
MACHINERY ELECTRONICS fms AUTOMOTIVE Ta 


Mi Zan EN 


Many new uses for flexible shafts that carry power around any corner have been 

developed by our engineers . .. in machine shops, electronic, automotive, aircraft, 
in all industries where power drives or remote control are 
required. Write for Manual P. E. 











> | 
F. W. STEWART MFG. CORPORATIO 


4311-13 RAVENSWOOD AVE. CHICAGO 13, ILL. 
WEST COAST BRANCH: 431 Venice Blvd.; Los Angeles 15, Cal. 
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J. 0. Reinecke, one of 
Let us quote on your the country’s leading 
Industrial Designers, 
announces his new 
Organization devoted 
|| Producers of Quality exclusively to product 


1 . | styling and limited 
Forgings for over 25 | in size to assure 





requirements. 


years. personal attention to 
your design projects. 


J-O REINECKE 
@ | tT INDUSTRIAL DESIGN 


SEVEN TWENTY 






































ANCHOR, CHAIN & FORGE DIVISION 
of 


he Boston Metals Con an 
ees 


CHESTER, PA 


NORTH MICHIGAN 


CHICAGO - 11 
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velopment results in the discovery of 
a principle. Edison's ‘“‘try-it-and-sce” 
method exemplifies the latter, but both 
have yielded brilliant results alone, 
and in combination. 

Chapters on inductive and deduc 
tive methods in process research, prod- 
uct research and equipment research 
are illustrated by many interesting 
stories. The mechanical engineer will 
regret the lack of attention to product 
research. In this chapter the “‘prod- 
ucts’” are chemical except for Edison’s 
lamp filament. One looks in vain for 
lessons from industrial efforts on prod- 
ucts such as the airplane, the automo- 
bile, the steam engine. Or, to bring it 
up to date, the gas turbine, the diesel- 
electric locomotive, the sink-installed 
garbage disposal device, the still un- 
perfected automatic washing machine, 
or the many other mechanical devices 
that shape our way of life. 


Photoelasticity, Volume II 


Max M. Frocut, Director of Experi- 
mental Stress Analysis, Illinois Insti- 
tute of Technology. 505 pages, 6} x 
4 in. Published by John Wiley & 
Sons, Inc., 440 Fourth Ave., Neu 
York 16, N. Y. $10. 


This continuation of Vol. I, which 
was published in 1941, includes some 
new developments in three-dimen- 
sional photoelasticity: application of 
oblique incidence to Saint Venant tor- 
sion and to the separation of principal 
stresses, the application of the rota- 
tional effect to bending stresses, studies 
in three-dimensional stress concentra- 
tions, and other progress in three- 
dimensional technique. Improvements 
in the numerical solution of LaPlace’s 
equation are also given. 

First six chapters are intended as 
introduction to the theory of elasticity 
for engineers. Chapters 7, 8, 9, cover 
methods of determining the sums of 
the principal stresses at isolated points, 
including numerical methods of solv- 
ing LaPlace’s equation. 


Modern Plywood 


THOMAS D. Perry. 458 _ pages, 
61 x 91 in. Published by Pitman Pub- 
lishing Corp., 2 West 45th St., New 
York 19, N. Y. $6. 


This book covers the manufacture, 
design features, physical properties 
and commercial applications of ply: 
wood. It also presents extensive tab- 
ular data and testing procedures 

The manufacture and utilization 0! 
plywood are also authoritatively 
treated. Techniques developed since 
the advent of synthetic resin adhesives 
are described; the author also brief 
presents earlier methods of manufat 
ture, which still have a place 11 the 


a 
y 








This 
uum 
circle 
gress: 


Becar 
quali 
savec 
Costs ; 
setup 


It me 
you | 
meeti 
quires 
bines 
work: 


Pro 


alled 
| un- 
hine, 
VICES 


cpert- 
I nstt- 
a 
64 X 
ey G 


Neu 


which 
some 
imen- 
yn of 
it tor- 
ncipal 

rota- 
tudies 
entra- 
three- 
ments 
>Jace’s 


ed as 
sticity 
cover 
ms of 
oints, 
" solv- 


page f, 
4S 

2 Pub- 
Neu 


acture, 
perties 
f ply: 
ve tab- 
«4 

ion of 
atively 
1 since 
hesives 
brief 
anufac- 
i! the 





This upper bowl of a commercial vac- 
uum coffee maker started as a 141/2-inch 
circle of Kaiser Aluminum. In 12 pro- 
gressive stages it was drawn to a 6%%-inch 


Because of Kaiser Aluminum’s excellent 
quality and workability, extra steps are 
saved, and handling and fabricating 
costs are reduced. Scrap loss is cut. Tooling 
setup costs are low. And with aluminum, 


It means that with Kaiser Aluminum 
you have a quality metal capable of 
meeting the toughest manufacturing re- 
quirements. A versatile metal that com- 
bines strength, durability, lightness, 
workability, and that can never rust. 


Ad i ° 


Chicago * Cincinnati * Cleveland 
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How deep can you draw Aluminum? 


bow! with a tubular stem 34-inch in 
diameter and 63% inches long. A total re- 
duction from circle to stem of approxi- 
mately 959% —without a single anneal! 


Lower fabricating costs! 


plating is unnecessary because a bright, 
lasting finish can be obtained by buffing. 

The result is a low-cost product that 
can’t rust, chip or break. And that can’t 
be matched for sales appeal! 


What does this mean to you? 


It means, too, that you can have the 
services of thoroughly experienced engi- 
neers, expert in selecting the right alloy 
for the most complex job, and capable of 
assisting in your most difficult fabricat- 
ing problems. May we tell you more? 


For another dependable source... choose 


kalser A lominw 


product of Permanente Metals Corp. 





SOLD BY PERMANENTE PRODUCTS COMPANY, KAISER BUILDING, 
OAKLAND 2, CALIFORNIA .. . WITH OFFICES IN: 


Dallas * Detroit * Houston * Indianapolis 


Kansas City * Los Angeles * Milwaukee * Minneapolis * New York * Oakland ¢ Philadelphia 
Portland, Ore. * Salt Lake City * Seattle * Spokane * St. Louis * Wichita 
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industry. The varied uses for plywood 
are classified in the following cate 
gories: Aircraft construction, furnj 
ture and allied industries, ships, con 
tainers and barrel staves, building and 
construction, sporting goods and lug 
gage. In each classification sever: 
major applications are given in deta 
with adequate cross references to sin 
ilar applications in other industries. 
Among the new subjects treated 1 

this second edition are barking logs 
reeling green veneer, plymetal anc 
other sandwich constructions, aircraft 
and marine plywood, molded 
formed plywood, progressive gluing 
scarfed joining, radio-frequency and 
resistance heating. Additional maf@ 
terial has been introduced on thie 
history, advantages and characteristiof} 
of plywood, plywood and veneer man. 
ufacturing, plywood and industry, ad. 

| hesives for plywood, high density ply. 
| wood, and testing for adhesive 
strength. 
The author is active in the Wood 
Industries Division of the American 
Society of Mechanical Engineers. 





Heat Pumps 

PHILIP SPORN, President of the Ame 
ican Gas and Electric Corp.; E. R. A™- 
BROSE, Air Conditioning Engines 
with the same corporation; and THE he 
DORE BAUMEISTER, Consulting Eng : 






A GOLD MINE 


OF HELPFUL 
neer with American Gas and Electr 
ENGINEERING Corp. and Professor of Mechanics 
INFORMATION Engineering at Columbia Universit 
188 pages, 53 x 834 in. Published | 
ABOUT HARD Jobn Wiley & Sons, Inc., 440 Four' 


Ave., New York 16, N. Y. $3.75. 

The heat pump, with its potenti 
ability to increase the effective use 0! 
, ; , oe . fuel energy, is a topic of considerable 
It’s been a long time since technical information about hard interest at the present time. This boo! 
rubber has been brought up to date in handy form for design presents a technical treatment of hee 
engineers. Now here it is! In 60 pages it covers all Ace grades pump development and discusses prog 


of hard rubber — the original plastic that succeeds where ress made in adapting units. He 
pumps are already in use to provic 


RUBBER AND PLASTICS 





others fail —and suggests many ways to solve problems just building heating and cooling service 
like yours with Ace molded or extruded parts. and in industrial processes, such 4 
Contents include: tables of properties, tolerances, weights; evaporation and purification of liquid 


drying of solids, and the simultaneou' 
chilling and heating of process fluids 
The subject is presented by succes 


many valuable pages on design techniques, inserts, assembly; 
and seven pages on machining and finishing of hard rubber 


and other Ace molded plastics such as Saran, polyethylene, sive consideration of the thermody 
acrylics, acetates, etc. namic principles involved; equipmet' 

Ask for this Hard Rubber & Plastics Handbook today. | design, specification and _ selectior 
You'll find plenty of use for it in making present and future | maintenance, operating, economic a0 


- ‘ . > S. s volume ! 
decisions. Write on your company letterhead to Technical graye ‘hed pall nage age ihe We ple 
Service Dept., American Hard Rubber Company. theory, performance, and design of th'f Meetin 
multitude of equipment and apparat§ ang ot’ 
that make up an efficient heat pump 
The caer inte only the aspecs Plan st 
of performance and design of the*{ We] g 
parts that are essential in the assem) die c: 
of a good installation. : cast 
The volume begins with a discug gs for 
sion of thermodynamic principles thf nicke] 


MERCER STREET © NEW YORK 13, N.Y, are applicable to heat pump des" not, 
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“TI guess we were simply making the most of the facilities 
we owned and letting it go at that . . . until the day that 
one of our designers asked himself if it really had to be done 


that way! Anyway, he ended up in a huddle with a Gerity- 
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“They came up with a housing design for zinc die cast- 
ing which made us all unsatisfied with the old way. Not 


only did it promise us fewer rejects and simpler finishing, 





: but also more uniform wall thickness and easier machining.” 
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N OW -accurate 


Stress Analyses. 
In Your Plant by 
Stresscoat Engineers 








Stresscoat is particularly 
valuable in analyzing im- 
pact loading, difficult to 
reproduce by simulated static 
tests. Here, patterns formed on 
shotgun breach after firing show 
areas with 2 


5,000 psi or more. 
Wherever your plant may be 
located, competent and qualified 
Stresscoat engineers will visit you 
to make commercial stress anal- 
yses. They will measure stress 
distribution and recommend to 
you specific design changes 
to reduce stresses and curtail 
failures. Design problems are 
quickly solved after a Stresscoat 
specialist makes his analysis. 


Stresscoat is the only method 
of stress analysis which will give 
you an overall picture of stress 
distribution, with representative 
values, in any part regardless of 
shape. Proper evaluation of 
Stresscoat brittle coating patterns 
is of great aid in designing 
stronger, lighter and less expen- 
sive parts. 


Write to your nearest Magna- 
flux Office for details of this 
field service. 





“=~ 
anand St-103 Ouifit 


If you often work with new de- 
signs, this complete Stresscoat 
outfit will save you money in your 
stress determinations. It contains 
calibrating equipment, spraying 
units, and a generous selection 
of coatings. 


A specialist in Stresscoat anal- 
ysis from Magnaflux will work 
with your engineers in training 
them to properly use this outfit. 
The unit, and instruction, is yours 
in a “package” at $985.00, 
F.O.B. Chicago, Illinois. 


MAGNAFLUX 
CORPORATION 


Specialists in 
Product Inspection 
5804 Northwest Highway 
Chicago 34, Ilinois 
New York + Cleveland + Detroit 
Dallas + Los Angeles 


ecoarpenavicgn 








Reg. U.S. Pat. Office 
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and mentions a simple compressed air 
system of refrigeration. It continues 
with the basic heat pump designs and 
progresses into the discussion of de- 
sign factors encountered in all heat 
pump design. 

Chapter headings include: Equip- 
ment Design, Equipment Selection, 
Defrosting Cycle and System Control, 


Industrial Applications, Economics of | 


the Heat Pump, and Heat Pump In- 
stallations. At the conclusion of each 
chapter, the authors have included ref- 
erences to other published material 
relating to the particular phase under 
consideration. 


Mechanical Lubrication Devices 
W. N. HEDEMAN. 84 pages, 84 x 11 
in. Published by Magnus Brass Divi- 
sion of National Lead Co., 525 Read- 
ing Road, Cincinnati 2, Ohio. $3. 


The author, chief mechanical engi- 
neer of Magnus Brass Division of Na- 
tional Lead Company, has assembled 
a handbook which explains design and 
operating principles of several automa- 
tic lubricating systems, used mainly in 
locomotives. With the aid of many 
detailed diagrams, the author describes 
capacities, operation, maintenance, 
number of feeds, testing methods, 
types and sizes, and special features of 
mechanical lubricators. Auxiliary units 
are also described. 

An explanation of oil allowance for 
freight, passenger and yard locomo- 
tives and accessories is included. Also 
discussed are inspection, installation 
and maintenance recommendations for 
atomizing connections, automatic aux- 
iliary lubricators, dividers, flexible con- 
nections, low pressure terminal valves, 
mechanical lubricators, oil line check 
valves, pipe supports, terminal checks 
and union nipple fittings. 


College Physics, Part II 
Electricity, Magnetism, Optics 
FRANCIS W. SEARS, 
Physics, Massachusetts 


Professor oft 
Institute of 


Technology, and MarK W. ZEMAN- 
SKY, Associate Professor of Physics, 
College of the City of New York. 
480 pages, 64 x 93 in. Published by 
Addison-Wesley Press, Inc., Cam- 
bridge 42, Mass. $3.50. 


Second and final part of a textbook 
on physics, this volume includes the 
subjects of electricity, magnetism, op- 
tics, and atomic physics. Mathematical 
preparation beyond algebra and trigo- 
nometry is not required of the student. 
Although the mathematical approach 
is elementary, the subjects are well 
interpreted. The section on optics, in 
particular, the chapters on interference, 
diffraction, and polarization are ad- 
mirable for their clarity and complete- 
ness of treatment. 
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DC 44 Silicone Grease 


for reliable 
permanent lubrication 





| 
| 
SoLEworo _* 
MOUSING PLUNGER 
PHOTO COURTESY MOTOROLA INC; 
DC 44 Silicone Grease permanently lubricates the 
plunger-solenoid contact surfaces in this Motorola 
Auto Radio push-button tuner. 
Actual performance is the only true measure of o 
lubricant’s quality. That is why more and more 
manufacturers are specifying Dow Corning 
Silicone Greases for their lubrication problems 
Their tests show that longer lubrication life 
greater oxidation resistance, elimination of 
gumming, and indifference to temperature 
extremes are all characteristic of the silicone 
greases. 
Motorola Inc. of Chicago had a_ lubrication 
problem in their auto radio push-button tuner 
The tuning is accomplished by a solenoid and 
plunger with a dash-pot action between the 
two for smoother operation. A thin film of the 
lubricant selected had to be permanent and 
maintain its consistency over the operating 
temperature range from —20° to 160°. t 
give the dash-pot action. 
Their engineers tested many lubricants but the 
only one to allow satisfactory operation anc 
still lubricate after 75,000 cycles was DC 44 
Silicone Grease. It maintains the right consistency 
to give smooth action and permanent lubrication 
Even in thin films this silicone grease does no! 
run out or form gum. 


We recommend DC 44 Silicone Grease fo 
permanently lubricated anti-friction bearings 
and for high temperature applications up to 
350°F. DC 41 Silicone Grease is recommendec 
for temperatures up to 450°F. DC 33 Silicone 
Grease is both a low and a high temperature 
grease and is recommended for use from 
—95° to 300°F. 

If you want permanent lubrication or have high 
temperature or low temperature problems it 
pay you to investigate Dow Corning Silicone 
lubricants. Write for data sheet H 7-5 or co 
our nearest sales office. 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 
New York ¢ Chicago ¢ Cleveland « Los Angele 
Dallas « Atlanta 
In Canada: Fiberglas Canada, Ltd., Toronto 
In England: Albright and Wilson, Ltd., London 


“a orning 


FIRST IN SILICONES | 
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but the The manufacturer of these die-cast aluminum toured; cast, stamped or forged, there is a 3M 
pty cooking utensils is enthusiastic about results since engineered method to produce the finest possible 
sistency switching to 3M Abrasive Belts. The smooth, finish in the shortest possible time. 
rication evenly blended finish secured requires 30% less Ask your nearest 3M distributor for complete 
ane buffing to produce a — polish. The results information on this cost cutting method, or mail 
call are faster production, fewer rejects and lower the coupon below for your free copy of our fact- 
naiieia finishing costs per unit. jammed booklet “Step Up Production.” 
s up to This manufacturer, and countless others like 
mended him, are lowering production cost with 3M Abra- 
samen sive Cloth Belts and Contact Rolls. Because of the UNUSUAL GRINDING TROUBLES? 
era . . ~ 
as ae broad experience gained by the 3M Company and When the nature of the grinding job is such that 

its representatives in p1loneering abrasive belt burning, distortion, or flow are a problem, the 3M 
ve high grinding... the wide variety of 3M Belts and a eo pecs e sapee-ob 9 cool oe ~ 
ns it Wi Contact Rolls developed to meet the varying needs fin shire. Ch Lg igre wing Pig Se 
Silicone . : i : , nishing. Check the coupon below for full details. 

of industry, each 3M installation is engineered 
co . . 
as to fit the particular job to be done. No matter 
TION whether the surface to be ground is flat or con- 
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; Angeles 
PE 848 

a Please send us a copy of your booklet “Step Up Production” 


(_] Check here for more information about 3M Wet Grinding. 


ABRASIVE BELTS 


Made in U.S. A. by 
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Saint Paul 6, Minn. 
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that's suitable 





It may pay you to let 
our Design Engineers 
have a 


hand in it. 









They have helped {£ 


many 
manufacturers 
* CUT COSTS 


* SPEED PRODUCTION 


* TURN OUT FINER 
FINISHED PRODUCTS 


UNITED-CARR 
FASTENER Corp: 


9 MASSACHUSETTS 


CAMBRIDGE 44 


MAKERS 
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| Accurate Calculations Versus 
Excessive Safety Margin 
To the Editor: 

The discussions of hydraulic re- 
sistance factors in the Reader’s Letters 
columns of the December 1947 Prop- 
UCT ENGINEERING have prompted my 
further comment. 

Modern mechanical designs are of- 
ten based on excessively conservative 
calculations. The designer’s aim is to 
provide sufficient structural strength 
and many times this results in’ exces- 
sive structure weight and increased 
manufacturing costs. In cases where a 
reduction of weight is of special im- 
portance, as in airplanes, vehicles and 
ships, an economical piping design is 
mandatory. Accurate piping calcula- 
tions based on true values of resistance 
coefficients are required. 

With the aid of a few practical ex 
amples, I wish to demonstrate what 
results might be expected by using the 
augmented “‘reliable’’ values of resis- 
tance coefficients recommended by Dr. 
Streeter. My work as Senior Naval 
Constructor of the late Imperial Rus 
sian Navy involved establishing the 
filling times for compartments in bat 
tleships. The accompanying sketch 
shows the general arrangement of two 






























































bow compartments that can be flooded 
by two globe valves installed on 
branch pipes. 

Let us calculate the filling times for 
compartments having volumes Q, 
equal to 630 cu ft and Q, equal to 
1050 cu ft. Water is conducted 
through 4} in. and 53 in. pipes and 
valves, respectively, at a pressure head 
H, of 14.1 feet. 


Considering flooding 
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COUPLINGS 


Engineered to stand up on 
the toughest jobs, Thomas 
Flexible Couplings do not 
depend on springs, gears, 
rubber or grids to drive. All 
power is transmitted by di- 
rect pull. 





The standard 
ol «6 line of Thomas 
i b NF ) cast meets 

: lee practically all 
requirements, 
But if unusual 
conditions exist 
we are equipped 
| to engineer and 
| build special 
posi toe 


“TRON AN 


ya. 


Ry 


WAN, VW 






PATENTED 
FLEXIBLE 
DISCS 


THE THOMAS PRINCIPLE 
GUARANTEES PERFECT 
BALANCE UNDER ALL CON- 
DITIONS OF MISALIGNMENT 


Write for New Engineering Catalog 


THOMAS FLEXIBLE 


COUPLING CO. 


WARREN, PENNSYLVANIA 
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Spark Arrester Inside Muffler 








Sligeh an .tole @si-la ile} mia a-1-10 
Weed Screen 
Colel tol ielaw-Viae laliel ¢-tesiela-t-1n1 


Auger Trough Top Shield 


FOR SELF-PROPELLED HARVESTERS 


American harvests and American harvesters have supplied the war- 
torn world with grain while reconversion to peace progresses. The 
millions of bushels of grain must be harvested at just the right time to 
avoid spoiling; and to achieve this the self-propelled harvester has 
been developed. It will save time, labor and fuel—and will collect the 
precious grain efficiently, shaking and screening off the chaff and 
storing the grain in the large bin. In all harvesters, Reynolds Industrial 
Wire Cloth plays a vital part. The dependability of the Reynolds cloth 
has proven itself over and over again on the farmlands of America, 
where grain is grown to feed the world. 


REYNOLDS WIRE CO. 


DIXON, ILLINOIS 
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Solve Your Design, Fabrication 


and Delivery Problems by 
METAL SPINNING 
“TEINER’ offers Time and Money Savings 


Metal spinning the “Teiner’’ way will enable you to simplify designs and 
speed up production. In small runs you can save the cost of expensive 
dies and castings. 


“TEINER” is well qualified to be of assistance to you. As specialists in 
metal spinning for over fifty years, we are in position to offer valuable 
help in both design and production so that full advantage can be taken of 
the great savings possible through spinning, as well as the greater 
strength and finer quality of the parts produced. We are also equipped 
to fabricate commercial flange and disc heads. 














An unusual and important part of ‘“TEINER” service is the spinning of 
stainless steel. Here again, spinning eliminates the need for expensive 
castings and machining. It will be to your advantage to submit drawings 
or samples of your parts for a cost estimate of producing your require- 
ments by spinning. Your inquiries are solicited. 


Other ““TEINER” Services 


Stamping Fabricating Assembling Soldering Silver 

Brazing Lacquering _. Welding. .etc. TEINER assures expert work 

in all metals and in any quantities exactly to specifications. Our engineers 
are ready to cooperate with you on your needs. 





ROLAND TEINER COMPANY, INC. 


TEL. EVERETT 7-7800 
130 TREMONT ST. EVERETT 99, MASS. 
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Spur—bevel—spiral—zerol—worms 
and worm gears—racks—sprockets. 
All are precision cut on up-to-the- 
minute equipment exactly to your 
specifications. Prompt quotation upon 
a receipt of your sample or blueprint. 
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volume Q,, the sum of hydraulic 

efficients excepting that of the globe 
valve is F equals 3.05; for the 44 in. 
globe valve, F equals 5.20, making the 
total resistance © F equal to 8.25. 
Velocity of flow 


,_ 2/644 X 14.1 cf ; 
W = \ 335 = 10.5 ft per sec. 


Rate of water discharge 
_ 10.5 X 0.785 (4.5)? 

™- 144 

= 1.16 cu ft per see 

Time of flooding 

= 20 563 

Using the same procedure for flood- 
ing the volume Q, equal to 1050 au 
ft through a 54 in. pipe with F equal 
to 4.72 for 54 in. globe valve, total 
resistance X F equals 5.86, W equals 
12.45 ft/sec and t, equals 517 sec- 
onds. The values of t just obtained 
are very close to those actually ob- 
served. 

Using the conservative value F 
equals 10 for the hydraulic coefficient 
as recommended by Dr. Streeter, we 
obtain t, equals 680 sec and t. equals 
690 sec. The respective differences in 
flooding times are 25 and 33 percent. 

In the following table are collected 
comparative results of estimating flood- 
ing time on the basis of actual values 
of resistance coefficients and fictive 
values of F equal to 10 for globe 
valves and 5 for angle valves. (actu- 
ally F equals 1.8—1.9) 





Globe Valves Angle Valves 


act.| F 10| F 10; act.) F S| / 5 


Z(in 43 | 43 5 4 4 4; 
sec) | 343] 680 | 553 | 612| 708 | 630 
in $3 | 33 64 4) 4} 

tn(sec) | 517] 690 | 533 | 575] 812 | 





The tabular data demonstate that 
in the most favorable case with F 
equal to 10 for globe valves and F 
equal to 5 for angle valves, there is 
an unnecessary increase of pipe size of 
1 to 3 in. for globe valves and 3} to 4 
in. for angle valves. For small size 
piping, this means a 15 percent weight 
increase; for large sizes, the increase 
reaches 30 percent or more. 

With industry operating under pres 
ent conditions, an economical utiliza- 
tion of materials and labor is required 
in order to cut manufacturing cost to 
an attainable limit. 

VicTOR TATARINOV, 
Consulting Engineer 
Pilsen, Czechoslotakta 


Ed.—The author’s comments follow 


In this country we generally pretet 
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Made of 13-gauge (.09 in.) sheet steel, structural 
grade, these cold-formed shapes are used in the man- 
ufacture of barrel storage racks. The shapes are 
usually supplied with all load-carrying cross-bent 
members shop welded into rigid frames. They are 
furnished in various lengths, and are shipped with 
one shop coat of paint. 


Above, in a distiller's warehouse is shown one of 
the completed racks made from these three shapes. 
In addition to their ability to handle heavy loads, 
Storage racks manufactured from these and other 
Bethlehem Cold-Formed Shapes offer the user the 
added advantages of economy, increased storage 





BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On th Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast Steel Corporation * 
Export Distributor: Bethlehem Steel Export Corporation 
Propucr ENGINEERING Aucust, 1948 
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Shapes 
bined to build 
ng, durable 


rage racks 





space, minimum maintenance, attractive appear- 
ance, and incombustibility. 


Bethlehem Cold-Formed Shapes are highly versa- 
tile. Besides being ideal for making storage racks, 
they have countless other uses. They are uniform in 
thickness, have an excellent strength-weight ratio, 
and a relatively scale-free surface. We make them 
from steel sheets, strip or plates, in gauges from 7 to 
24, inclusive, our highly specialized facilities en- 
abling us to meet virtually every need. 


Perhaps you'd like to know whether there's a place 
for Bethlehem Cold-Formed Shapes in your busi- 
ness. We'll be glad to hear from you at any time. 















to design a pipe system that will take 
an overload. 

The positions of valves in relation 
to other fittings in the system make K. 
MARTIN- HUBBARD CORPORATION factors uncertain. These valves are 

therefore chosen so that the design dis. 
charge can be obtained for the worst A 
conditions with respect to valve loca. 
tions. 

When the problem is one in which 
weight and size are critical, then te. 
course should be taken to actual ex. 


Engineering Consultants 


Computers - Servomechanisms 


Instrumentation for Nuclear Research perimental data to determine the feasi- 
| - bility of reducing the resistance factor 
Applied ultrasonic research and development for the particular case. 
In Technical Paper No. 409, The , 
Design and construction of scientific instruments Crane Co., entitled “Flow of Fluids,” | © 


experimentally determined curves of b 
Crane Flow Tests are given. These | @ 
should be used by the designer who 7 


to your performance specifications 


Complete engineering of original or unique electrical finds it necessary to reduce the ca- 
and mechanical devices and machinery pacity of a system to the design figure | 
—V. L. STREETER, ph 
Technical reports Re search Professor in Mechanics, ° 


Illinois Institute of Technology In 


11 BEACON STREET Melamine Plastics 
BOSTON 8, MASSACHUSETTS, U. S. A. | To the Editor: 
Telephone: CApitol 7-6990 Cable Address ““MARHUB-Boston”’ | On page 115 of your February 1948 ” 


issue, there was mention of a ‘Mel Nt 
amine” product that is being used for 








surfacing maps, photographs or other mi 
objects normally placed in a_ glass 
frame. 

= alan ceacidaanteanesinns the 





Will you please give me the name 

a : -—--— -- _ of the manufacturer of this material? 
GLENN COo_ey, Metallurgist Wr 
The De troit Edisc nC 





Ed.—-As we are not sure just how yo 
want to apply this material, we will let 
you choose from the following 

Raw melamine — resin—Amoericat 
Cyariamid Co., 30 Rockefeller Plaza 
New York, N. Y. 

Laminate—Mica_ Insulation Co 
Schenectady, N. Y 

Map manufacturer Hagstrom Map 
Co., Inc., 20 Vesey St., New Y ork 
N.Y. 


Research Programme ff 
l ( the Editor: 


On page 152 of the February PRoD- 
uct ENGINEERING there is one state 





. “aun lhe uma ment in your excellent article on Re 
alee a search in Britain’ that should be 


clarified. 

In referring to the Fulmer Res¢ arcl 
Institute, you say that the Institute: 
first work will be done for the grou 
that sponsored the Institute and tha 
eventually research facilities will 
available to all industries. The situa 


tion has been different right from th 

iW BALLS ©, Serve Industry opening of the Institute: our s:nit 
7 research programme was approx 

ring 


. mately 60 percent of our spons' 
Largest Independent and Exclusive Metal Ball Manufacturer group, Almin Ltd., about 30 percett 


1948 
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The steel is carefully chosen and inspected, even before it gets to the 
heading machine. After being “born” here, balls are carefully “brought 
up,” through a long series of grinding and lapping operations, to the 
unbelievably high standards of finish, sphericity and precision which have 
made Strom Metal Balls the standard of Industry. Strom Steel Ball Co., 
1850 South 54th Avenue, Cicero 50, Illinois. 
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Norgren Couplings or Bust! 


ninterrupted production is ‘‘paydirt”’ in the 
modern industrial gold rush. When hydrau- 
lic or pneumatic installations call for hose 
with extreme flexibility, durability and depend- 
ability, specify NORGREN reinforced synthetic 
hose and NORGREN reusable high-pressure cou- 
plings. An unbeatable combination for high work- 


ing pressures and a wide range of temperatures, 


Right at the drawing board, you can design 
c Cc 
out bulky, awkward connections and specify 
NORGREN reusable couplings, streamlined for 
minimum clearance .. . failure-proof far beyond 


the burst point of the hose. 


Write C. A. Norgren Company 





222 Santa Fe Drive 
Denver 9, Colorado 
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FABRICATE 6te 
2 


CLEAN 


POLISH 


ASSEMBLE 


step 


L 


FABRICATE 


If you are plating or finishing 

your product in any way and a ail 

are looking for ways to simplify a ASSEMBLE 
manufacturing procedure, would 

you devote a half hour or so 

of your time to learn from one 

of our sales engineers how 

Nickeloid Metals may possibly 

fit into your picture? 


Years of Pre- plated Metal Leadership 


& 
~ 
e 


OF pre-piate® 


NICKEL: CHROMIUM BRASS COPPER 
Evectre - plated TO ALL COMMON Base METALS 
ALSO LACQUERED COLORS 
SHEETS AND COi,S 9 


7) 
G 
G “Ps 


for Government Departments and 10 
percent for industrial concerns not 
connected with Almin Ltd. Owing to 
the expansion of the research pro- 
gramme, the position is now that the 
Almin Group only subscribe about 
one-third of the total income, Govern- 
ment Departments another third and 
the remainder is derived from other 
independent bodies. 
E. A. G. LIDDIARD, 
Director of Research, 
Fulmer Research Institute, Ltd., 
Buckinghamshire, England 


Fasteners Bibliography 
To the Editor: 

We have need of information on 
the subject of Fastening Devices. 
Would you be able to give us a bibli- 
ography of published material on this 
subject?—D. A. WALLACE, Product 


Design & Development, Washington, 
D.C 


Ed.—Here are a few sources of ma- 
terial on this subject: 

American Institute of Bolt, Nut, 
and Rivet Manufacturers, 1550 Hanna 
Bldg., Cleveland 15, Ohio (Fasseners, 
Vol. 4, No. 3). 

B. F. Goodrich, 1112-1118 19th St., 
N.W., Washington, D. C. (Rivnuts 
Data Book.) 

Clark Bros. Bolt Co., Milldale, 
Conn. (Catalog 47.) 

Standard Pressed Steel Co., Jenkin- 
town, Pa. (Catalog No. 619). 

Tinnerman Products Inc., 2064 Ful- 
ton Road, Cleveland 13, Ohio. 

Set Screw & Mfg. Co., Bartlett, Ill. 


Printed Circuits 
To the Editor: 


Will you be kind enough to for- 
ward the complete address of the con- 
cern that makes the Tranceiver de- 
scribed in the News Section of the 
April PRopuCT ENGINEERING. 

We found this article and the one 
on Metallized Circuits most interesting. 

—B. D. Switzer, JR., 
Graham-W hite Mfg. Co. 


Ed.—The Allen-Howe Electronics 
Corp. is located in Peabody, Mass. 


Axivane Fan 
To the Editor: 


Your story on our Axivane fan ap- 
pearing in the Product Designs section 
of the May Propucr ENGINEERING 
was very well done. By way of com- 
ment, it should be mentioned that ouf 
fans can supply up to 9.6 in. watef 
gage pressure instead of the 18 in. 4s 
printed.—J. S. Morrow, Joy Muanws 
facturing Co.., Pittsburgh, Pa. 
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